DEFENSE ADVANCED fANoDR 


1400 WILSON BOULEVARO 


REerEecence. 


MEMORANDUM FOR OASD(PA) FOIA 
ATTN: CDR, LANGERMAN 


SUBJECT: 89-FOI-2208 (PROJECT PANDORA) 


AS YOU REQUESTED DURING OUR MEETING ON 21 DEC 1989, THE FOLLOWING 
INFORMATION iS FURNISHED, IN ADDITION TO THE DOCUMENTS CONCERNING PROJECT 
PANDORA, FOR RELEASE TO MICHAEL DROSNIN TO SATISFY HIS REQUEST UNDER SUBJECT CASE. 
(ATTACH A) 


THE TERM PROJECT BIZARRE IS NOT A SEPARATE PROJECT, BUT WAS A CODE NAME FOR 
A SPECIAL ACCESS CATEGORY WITHIN THE PANDORA PROJECT. 


ALL OTHER DOCUMENTATION RELATING TO THE PROJECT WAS TRANSFERRED TO THE 
ARMY (WRAIR} AS OUTLINED IN THE “AGREEMENT TRANSFER OF PROJECT PANDORA." 
(ATTACH B) 


ALSO FORWARDED IS A COPY OF DARPA LETTER DATED 15 SEP 1977 IN RESPONSE TO 


SENATOR MAGNUSON'S LETTER, WHICH MIGHT FURTHER SATISFY MR, DROSNIN'S REQUEST. 
(ATTACH C) 
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FOIA CASE NO. 89-FOI-2208 


ATTACH A: 
1) MEMO FROM 8. W. AUGENSTEIN TO OR. BROWN & DR. FUBINI, 13 MAY 65 
2) MEMO FROMR.S. CESARO, A/DIR., ADV SENSORS TO DIR., ARPA, 15 OCT 65 
3) MEMO FROM R. S CESARO, TO DIR., ARPA, 15 DEC 66 
4) MEMO FROM R. S. CESARO FOR RECORD, 20 DEC 66 


5) REPORT BY E. V. BYRON, JOHNS HOPKINS UNIV, OPERATIONAL PROCEDURE FOR 
PROJECT PANDORA MICROWAVE, OCT 66 


6) REPORT BY E. V. BYRON, JOHNS HOPKINS UNIV., PROJECT PANDORA, NOV 66 
@ 7) MEMO FROM R. S. CESARO, TO DIR., DEF R&D, 27 SEP 67 
8} MEMO FROM HERBERT POLLACK TO R. S. CESARO, 2 JAN 69 
é 9) REPORT BY J. F. KUBIS, THE SARATOGA STUDY, 8 MAY 69 
10) MINUTES OF PANDORA MEETING OF 17 JAN 69 
11) MINUTES OF PANDORA MEETING OF 21 APR 63 
12} MINUTES OF PANDORA MEETING OF 12 MAY 69 
13) | MINUTES OF PANDORA MEETING OF 18 JUN 69 
14) MINUTES OF PANDORA MEETING OF 16 JUL 69 
15} MINUTES OF PANDORA MEETING OF 12 & 13 AUG 69 
16) UTR FROM RAND, REVIEW OF PANDORA EXPERIMENTS, 4 NOV 69 


17) PRELIMINARY REPORT ON THE EVALUATION OF DATA ASSOCIATED WITH PANDORA BY J. 
F. KUBIS, 4 DEC 69 


@ 18) MEMO FROM IDA REVIEW PANEL TO R. S. CESARO, 14 JAN 69 


19) LETTER REPORT ON AO 791, 15 FEB 69 
20) PROGRESS REPORT BY B. H. COHEN, JOHNS HOPKINS UNIV., 28 FEB 70 
21) FINAL REPORT BY K. R. BRIZZEE, TULANE UNIV., 16 SEP 70 


22) REPORT BY R. J. GAVALAS, UNIV OF CALIF AND D. O. WALTER, ET AL, EFFECT OF LOW 
LEVEL, LOW-FREQUENCY ELECTRIC FIELDS ON EEG AND BEHAVIOR IN MACACA NEMESTRINA 


23) MINUTES OF PANDORA MEETING, 12 JAN 70 


24) FINAL REPORT BY ZARET FOUNDATION, INC. 


ATTACH B: 
AGREEMENT TRANSFER OF PROJECT PANDORA 
ATTACHC: 


LETTER FROM DR. HEILMEIER TO WARREN G. MAGNUSON, 15 SEP 77 


Ref: 89-FOI-2208/L 


Mr. Michael Drosnin 
458 West Broadway, 5th Floor 
New York, NY 10012 


Dear Mr. Drosnin: 


This responds to your December 5, 1989, Freedom of Informa- 
tion Act (FOIA) request to the Office of the Secretary of Defense 
which was received in this Directorate on December 12, 1989. Our 
interim response of December 21, 1989, refers. 


The Defense Advanced Research Projects Agency (DARPA) has 
determined that the decuments at enclosure 1 are responsive to 
your request pertaining to Project Pandora and have been granted 
in full. Project Bizarre was not a separate project, rather, it 
was a code name for a special category within the Pandora 
Project. All other documentation relating to Project Pandora was 
transferred to the Walter Reed Army Institute of Research (WRAIR) 
per enclosure 2. The letter to Senator Magnuson at enclosure 3 
may serve to answer any further questions you may have. 


This office referred your request to the Services as previ- 
ously indicated in our interim response. The Department of the 
Navy response of January 10, 1930, and the Department of the Air 
Force response of January 4, 1990, both correctly inform you that 
they are unable to assist you in your search for documents. 
WRAIR, under the Department of the Army, now has cognizance of 
this information as indicated in the previous paragraph and 
should be able to provide you a more substantive response. 


After deleting 100 pages as an “other" requester, the charge- 
able costs of processing your FOIA request consisted of 365 pages 
of office machine reproduction (with the documents provided in 
our interim response and this final response) at $0.15 per page. 


Please indicate the FOIA reference number above on a check or 
money order made payable to the U.S, Treasurer in the amount of 
$54.75. Send the payment within 30 days to this office at the 
following address: 


Office of the Assistant Secretary of Defense 
(Public Affairs) 

Directorate for Freedom of Information 
and Security Review 

Pentagon, Room 2C757 

Washington, DC 20301-1400 


Sincerely, 


W. M. McDonald 

Director 

Freedom of Information 
and Security Review 


Enclosures: 
As stated 
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OFFICE OF THE DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING 


WASHINGTON, D. C. 20301 = 
G4. 2300 = 


13 May 65 


’ ie 
\ fat 3 aes 
MEMORANDUM FOR DR. BROWN (——<GKW& a ae ee 
DR. FUBINI ae PE ik a 
SUBJECT: ARPA and Moscow Embassy Radiation NS es 


In the advanced sensor program, ARPA is entertaining proposals 
to investigate possible clinical effects, primarily neurological, 
of continuous microwave radiation with either GW or pulsed wave 
forms. 


The CIA and a special USIB Subcommittee have become interested 
in this problern for the following reason. The radiation intensity 
on our Moscow Embassy exceeds, by a factor of about 100, the 
safety level specified in Soviet microwave specification standards, 
These Soviet standards are considerably more stringent than ours. 
Specifically, the Soviet standards are: to not exceed 10 microwatts 
continuously and, in no case, to exceed 1 milliwatt for even very 
short periods of time. 


I understand that the average radiation intensity inside the windows 
of our Moscow Embassy is on the order of 1 milliwatt. Consequently, 
a considerable amount of interest has been generated by the CIA and 
by the USIB in reviewing existing data in this field, which is very 
scanty at these radiation levels, even though the possibility that the 
radiation is intended to produce neurological effects on embassy 
personnel is probably relatively low. On the other hand, since we 
have no real idea of what the radiation is intended for, it has been 
the feeling, in the USIB and the CIA, that this possibility should not 
go unexplored, Unfortunately, there is some past unsavory history 
of experiments of this kind in this country which has made a number 
of people rather leery of further experiments in this field, and which 
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has resulted in the setting of standards of safety which are 
approximately 1,000 times looser in this country than in the Soviet 
Union, with our standards being set primarily by thermal damage 
thresholds. Effort has been going on by the Director of Clinical 
Research, Neurology, in NIH on lower level radiation to see if 
neurological effects can be detected but, even in this case, the 
effort has not been apparently officially sanctioned as a NIH project 
because of the circumstances noted earlier. 


ARPA now has some proposals to conduct meaningful experiments 
in this range in which the intent would ultimately be to experiment 
not only with the average intensity of the Moscow radiation but also 
with a close simulation of the wave forms used. However, there 
seems to be some internal resistance in ARPA to the suggestion 
that ARPA proceed with these experiments, probably because there 
is a feeling that at one time it certainly attracted a number of crack 
pots. The proposal which makes considerable sense now is a pro- 
posal to use Air Force primates as subjects in a carefully controlled 
series of experiments, with the intent being to detect neurological 
or synergistic effects. My feeling is that we should carry through 
these experiments, if these can be accomplished at reasonable cost, 
because of the following considerations: 


a. There is definite USIB and CIA interest in this propo- 
sition, and I believe that a USIB recommendation that such research 
be carried on can, or will, be generated. 


b. The existing U.S. experience in this particular energy 
range does not seem to be very satisfactory in quality of research. 


c. The pragmatic fact exists that the Soviet Union is 
irradiating our embassy in Moscow with radiation which exceeds by 
a factor of 100 their own safety standards, and which would give us 
a lever for protest if we wished. 


d. Unless, and until, other explanations are found for the 
purposes of the Embassy radiation, this should not be left an unexplored 
possibility. 


For these reasons, I believe that ARPA should be encouraged to 
do this research as part of the advanced sensor program under 

the assumption that a reasonably contained, high quality, and not 
unduly expensive program can be formulated. I do not think that 
the past history of this particular subject, which apparently makes 
many people suspicious about the scientific content of such experi- 
ments, should be allowed to impede a sound research program in 
this area, for the reasons mentioned earlier. 
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pbeebe DER: Ti C1 i © __, 15 October 1965 
MEMORANDUM FOR THE DIRECTOR, ADVANCED RESEARCH PROJECTS AGENCY 


SUBJECT: Justification Memorandum for Project PANDORA 


The purpose of this memorandum is to explain some of the background 
requirements and justification for the ARPA Program Plan 562 relating 
to Project PANDORA. 


Background. For several years it has been noted that the American 
Embassy in Moscow has been radiated with low level electromagnetic 
signals on a more or less continuous basis. These emitting signals, 
in the "S" and “L" band spectrum, have been of complex modulation with 
seemingly random variations. 


The White House has directed through USIB that intensive investi- 
gative research be conducted within the State Department, CIA and DoD 
to attempt to determine what the actual threat is and stop it. The 
National program has been coordinated by the State Department under 
code name project “TUMS." ARPA is represented and has been requested 
to initiate a selective portion of the overall program concerned with 
one of the potential threats, that of radiation effects on man. 


Discussion. A program has been outlined to irradiate a group of 
primates under carefully controlled conditions simulating the dosages 
and complex modulation of the threat. This effort is known as Project 
PANDORA. The trained primates will be carefully observed under varying 
and controlled irradiated conditions in an attempt to determine if any 
changes in their behavior or physiological condition can be detected. 
This effort will be carried out on behalf of ARPA by the following 
organizations. 


1. The Air Force will select, procure, and monitor the 
electromagnetic generating equipment and control the environment thus 
produced. An initial study of equipment was made under ARPA Order #757. 
They will integrate above resources into a system and provide an aero- 
space medical doctor to assist the other medical team members in the 
test program. 


2. The Applied Physics Laboratory will provide scientific 
consulting services and technical assistance in the design and fabri- 
cation of the laboratory, its electromagnetic environment and test 
facilities pertaining thereto. / 
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3. The Walter Reed Army Institute of Research will provide 
laboratory quarters, primates, biological monitoring and data reduction 
capabilities. 


4. In addition, Mr. Mark Groves, of the Wright Patterson 
Avionics Laboratory will act as ARPA monitor and coordinator for this 
project. Additionally, other consultants which will be utilized include 
Drs. Nat Baldwin, NIH; Ross Adey, UCLA; Milton Zaret, dZaret Foundation; 
Jd. Johnson, CIA; and H. Pollack, IDA. 


Recommended Action. It is recommended that ARPA initiate the 
required ARPA Orders as covered in the Program Plan attached. This 
memorandum, being of a sensitive nature wil be retained in the office 
of Advanced Sensors and act as justification in depth for above referenced 
future Program Plan and ARPA Order. i I \\ 


Acting Director 
Advanced Sensors 
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ABSTRACT 


This report describes the operational procedure for the Project 


Pandora microwave test facility. It is intended primarily for non- 


_ microwave oriented technical personnel to enable them to operate the 
& ' facility with a minimum of training. Included is the Turn-On, Turn- 


Off Procedure, the procedure for measuring transmitted power and power 


; density, and a description of the power monitors. 
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I. INTRODUCTION 


Il. 


This report describes the operational procedure for the 
Project Pandora microwave test facility. It is intended pri- 
marily for non-microwave oriented technical personnel, to 
enable them to operate the facility with a minimum of training. 
Section II of this report delineates the basic turn-on, turn-off 
procedure for the equipment. Section III describes the procedure 
for determining which of the "add-on" sections of the expandable 
conical horn to use, and the power requirements for a desired 
power density... Section IV describes the power monitors in the 
microwave anechoic chamber, 

The microwave equipment for Project Pandora is assembled in 
the four equipment racks illustrated in figure 1. Rack No. 1 
contains the Spectrum Analyzer R.F. and Display sections, Rack 
No, 2 contains the auxiliary low-power microwave generation and 
modulation equipment. The equipment in this rack is not inter- 
connected (nor is the spectrum analyzer}. Rack No, 3 contains 
the primary low power microwave generation and modulation equip- 
ment, and the necessary monitoring and recording equipment. Rack 
No. 4 contains the high power microwave amplifier and power sup~ 
plies. The interconnection of these two racks, with the "expandable 
horn" transmitting antenna in the anechoic chamber, is shown in 
figure 2 which is a functional block diagram of the microwave sys~ 


tem. 


EQUIPMENT OPERATION 


The following instructions pertain to the operation of the 
equipment assembled in equipment racks 3 and 4 with reference to 
figures 1 and 2. 

Note: For operation of the various individual pieces of 

equipment, refer to the manufacturers' operation 


manuals which are available at the test facility. 
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A. Preliminary Turn On Procedure ; ; 
Note: Connect the proper transmitting horn section for 


the required frequency and power density as outlined 
in Section III of this procedure. 


i 


1. Equipment Rack Number 4 


a. Turn on water supply. Pressure should be between 


f 


15 and 50 psi. ; 


b, Turn on low voltage A.C. power supply. Set Heater 
Voltage to 6.3 volts. 


c. Turn on D.C. power supply (solenoid power). Set 
to 33 volts. 


Note: Under no circumstances should the solenoid 
be operated without water cooling or perma- 
_ nent damage will result. If the over current 
@ light {s energized, the door interlock is 
open or there is insufficient water pressure 


or solenoid current. 


d. Set the Cathode Voltage switch on the high voltage 
power supply to the Burn-in position and turn on the 


high voltage. 


Note: There is a 3 minute delay before the high 


voltage comes on. Allow 15 minutes warm-up. 


2. Equipment Rack Number 3 
a. Turn on A.C. power to rack number 3. 


b. Turn the Grid Control on the Alfred 5-6868, 10 watt 
TWI amplifier to -250 volts. Turn Helix Control 
completely CCW, 


c. Turn HP692C Sweep Oscillator to Standby position. 


& d. Turn on power to all equipment, allow 15 minute 


warm-up a 
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e, Zero all HP431C power meters. For maximum ac~’ 
curacy, the power meters should be “re+zeroed" 
periodically. Refer to the HP431C instruction 


manual. 


f. Turn Sweep Oscillator Output Attenuator and TWT 
Output Attenuator completely CW (max. attenuation). 


g. Set HP692C to desired frequency and connect for 
desired modulation. 


Note: Refer to the instruction manuals of the HP692, 

HP8403A, and the HP3300A for the possible 
modulation options and their settings. If 
the auxiliary low power R.F. generation and 
modulation equipment is to be used, refer to 
the appropriate instruction manuals for pos- 

@ : sible interconnections and operating instruc- 
tions, 


h. Turn HP692C to Operate position. 


B. Operational Turn On Procedure 
L. Equipment Rack Number 4 


a. Set Cathode Voltage switch to the .1/3.3KV position 


and observe high voltage and current meters. 


Note: Do not allow high voltage to exceed 3250 


velts and the current to exceed 560 ma. 


b. If necessary, adjust high voltage screwdrive adjust- 
ment for high voltage meter reading of 3250 volts. 
DO NOT EXCEED 560 MA, CURRENT. 


2. Equipment Rack Number 3 
a. Turn Helix Control on Alfred 5-6868 TWT completely CW. 


@ , b. Turn Grid Control on Alfred 5~6868 TWT completely CW. 
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Adjust Sweep Oscillator Output Attenuator for 
maximum power output as observed on IWT Monitor 


Power Meter. Lock in position, 


Adjust IWT Output Attenuator for the required 
transmitted power as observed on the TWI Monitor 


Power Meter. Leck in position. 


Note: The transmitted power required for a desired 
power density can be determined from figure 3 
and Section III of this procedure. 

The transmitted power can be determined from 
the meter reading and figure 4; (Righ Power 
Monitor, = Meter Reading vs. Output Power). 

DO NOT EXCEED 250 WATTS TRANSMITTED POWER FOR 
EXTENDED PERIODS OF TIME WITH THE INITIAL TUBE 
SUPPLIED. 


Set the monitor switches on the monitor switch panel 
to connect the desired function to be monitored to 

the strip chart recorder. The normal setting of these 
switches is TWT Monitor to the recorder channel No. 2, 


and Monitor Channel No. 1 to recorder channel No. 1. 


Connect "Available Inputs" to the scope or the HP415 


as required. 


Cc. Turn Off Procedure 


se Equipment Rack Number 3 


&. 


Turn 10 W TWT Output Attenuator max. CW (max, 


attenuation). 
Turn Sweep Oscillator Output Attenuator max. CW, 


Turn Grid Control on Alfred 5-6868 10 Watt TWT to 
-250 volts. Turn Helix Control completely CW. 
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@. Turn HP692C Sweep Oscillator to Standby position. 
-e. Rack power may now be turned off. 
2. Equipment Rack Number 4 


a. Set the Cathode Voltage switch on high voltage 
power supply to Burn-in position. 


bd. Turn off high voltage. 
c. Turn off low voltage A.C. power supply. 
d. Turn of f D.C. power supply. - 


e. Turn off water supply. 


Ill. PROCEDURE FOR SELECTING HORN SECTION AND OUTPUT POWER FOR DESIRED 
POWER DENSITY 


A. 


Design Frequency Range for "Expandable" Conical Horn 


The microwave facility was designed such that a suitable 
quiet zone - minimum dimension, 3' wide by 2' high by 1' deep 
for two “test samples" side by side - would be illuminated 
uniformly a + 1. 0db power variation in the quiet zone was 
the design goal. The quiet zone, as discussed in this report, 
starts at a transmission length of 23.0 feet and is symmetric 
about the chambers horizontal and vertical axis. These quiet 
zone dimensions, therefore, set the beamwidth characteristics 
of the transmitting horn; and a conical transmitting horn with 
"add-on" section was designed to give maximum gain with the 
required beamwidth over the S-Band frequency range. Under 
these conditions, figure 3 shows the “design frequency range" 
for the appropriate sections (D, through D,)- This figure is 


a plot of power density (in neefem™) per watt transmitted - Pd/W - 
versus frequency, for each of the horn sections. It can be seen 
2 


mu/em* + 10%. 
watt 


that, for the design frequency ranges, Pd/W is 1.6x10" 
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Thus, for 250 watts transmitted, the power density in the 
quiet zone is 4.0 ma/em™ + 10%. 


1. To determine specifically the transmitted power required 
for a desired power density (at a given frequency in the 


design range): 


a. Determine Pd/W for the known frequency and horn 


section from figure 3, 


b. Soive: Pd/W x Power = Power density 


pene oe Power density 
Pd/W 


c. Example: At 3.0 GHz, a power density of 2uw/ om 
is required. (Horn Section DB, 


Pd/W = 1,58x107? from figure 4. 


: is een tay 
& : Power 1. 5exi072 126 watts 


| 2. To determine power density from a known transmitted power: 


a. Determine Pd/W for the known frequency and horn 


section from figure 3. 
b. Solve: Power density = Pd/W x Power 


c. Example: At 3.5 GHz, 200 watts are transmitted (Horn 
Section D,). 


Fd/W = 1.56x107? from figure 3. 


Power density = 1.56x10°7x200 = 3.13 mw/cm” 


B. Horn Section for a Reduced Quiet Zone 


To increase the versatility of the test facility, additional 
-“add-on" horn séctions were designed to uniformally illuminate suc- 
cessively smaller quiet zone volumes with increased gain. The 
determination of the quiet zone volume is dependent upon the beam- 
width of the various sections and ts beyond the scope of this re- 
© : port, Suffice it to say that, at the upper end of the frequency 


band (3.95 GHz) horn section D,, will essentially illuminate uni- 


10 
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IV. 


formly a quiet zone large enough for a single test sample - 
1.5'Wx L'H x 1'D. At this frequency, D, 
power density obtainable for the system. As the frequency is 


o ives the maximum 


decreased, horn section D,, will uniformally illuminate a 


10 
proportionately larger volume with reduced gain. 
1, The power required for a desired power density can be 


determined as in Al above. 


a. Example: 10 ow/em* power density is desired at 
3.95 GHz (Horn Section DB 


Soter: = Power Density 
Fd/W 


2 


10? 


Pd/W = 3.83 x 10° 


oo 
3.83 x 10 


from figure 3 


Power = 3 2 260 watts 


MICROWAVE POWER MONITORS 


In addition to the high power TWIT monitor, there are 3 power 
monitors in the anechoic chamber. Two of these, Monitor #1, a 
standard gain horn, and Monitor #2, a sleeve dipole, are connected 
to the HP431C power meters in rack number 3. These two monitors 
may be switched to the Mosley 7100B strip-chart recorder (see figure 2). 
The third monitor, alternate monitor number 1, is a sleeve dipole and 


has an available output as shown in figure 2. 
A. Monitor Number 1 


Monitor number 1, the standard gain horn, is the primary 
"down stream" power density monitor. Power readings on the 
Channel No. 1 power meter can be converted to power density 


at the point of measurement with reference to figure 5. 


Note: It must be reemphasized that this monitor, in conjunction 


with figure 5, measures the power density at the point 
where the monitor is placed in the chamber, and not the 
power density at the center of the quiet zone as determined 
in Section ITI. 
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Monitor Number 2 and Alternate Monitor No, 1 


These monitors are available to measure relative power 
density and for the observation of signal waveforms at any 
point in the chamber. ; 

By placing monitor number 2, with its alternate monitor 
line connected, at a point of known power density (previously 
determined as in Section III or IV A above), and placing alter- 
nate monitor number 1, at any other point in the chamber; a 
gross measurement of power density can be made by observing 
the relative readings. Due to the nature of the chamber re- 
flections, the power density measured in this manner can be in 
error by + 2 db; however, as a "gross" power density measurement 


technique, these monitors are useful since they are light weight 


and easily movable. 
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ABSTRACT 


This is the final report on the Applied Physics Laboratory's 
contribution toe Project PANDORA ~ specifically, aid in the implementa- 
tion, and the evaluation of a microwave test facility at Walter Reed 
Army Institute of Research. An “expandable” conical horn transmitting 

“antenna, and monitor dipole receiving antennas were designed for use in 
the anechoic chamber constructed by Emerson and Cuming, Inc. A mechan- 
ical field traversing mechanism was designed and constructed for the 
j chamber evaluation, the microwave equipment was functionally assembled, 

2 : and the completed facility was thoroughly evaluated. The evaluation 
& . included the measurement of power variations in the quiet zone with and 
- without the sample container (with and without the test sample) in the 


| required position, and the measurement of the power density in the quiet 
H zone uSing the Microwave Associates high pover TWT and the appropriate 


i transmitting horn sections. 
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, ; I. INTRODUCTION 


This is the final report on the contribution of the Johns 
Hopkins University Applied Physics Laboratory, to Project PANDORA - 
specifically, aid in the implementation and the evaluation of a micro- 
wave test facility at the Walter Reed Army Institute of Research, Forest 
Glen Section, APL's responsibilities were divided into roughly three 
areas: (1) aid in determining the suitability of the microwave equip- 
ment to be procured, and ‘the functional assembly of this equipment (2) 
the design and fabrication of necessary specialized equipment, - trans~- 
mitting horn, monitoring dipole antennas, a field traversing mechanism, 
etc., and (3) the evaluation of the microwave anechoic chamber, the : 
calibration of the measurement equipment, and the test of the compleced 
facility. The test and evaluation of the completed facility included 
the measurement of che power variations in the quiet zone of the anechoic 
: chamber with and without the sample container {with and without the test 
r ‘ sample) in the required position, and the measurement of the power den- 
sity in the quiet zone, 
In addition, a familiarization session was conducted for Army 
- Personnel scheduled to operate the facility. A companion report () de 
scribes the operational procedure, the procedure for determining the 
power requirements and which "add-on" section of the expandable conical 
horn to use for a desired power density, and a description of the moni- 
toring equipment. 
The commerically available microwave equipment was specified 
and purchased by the Air Force Avionics Laboratory (AFAL), Wright-Patterson 
AFB, Columbus, Chio - the program managers. The microwave anechoic chamber 
was designed and constructed by Emerson and Cuming, Inc., Canton, Mass, 
The high power microwave traveling wave tube was designed and buiit by 
Microwave Associates, Burlington, Mass., with the associated power supplies 


furnished by Alto Scientific, Inc., Palo Alto, California. 


(1) 
"Operational Procedure for Project PANDORA Microwave Test Facility" 
& APL/JHU Report MRT-4-045; (QM-66-071) dated October 1966 (U) 


‘This document —— ——s sMecting the national defense of the United States withia the meaning of the Eapionage Laws, Title 18 
USC. Sections 733 704. The teanemaion of the revetation of ita contents in eny magnet 6 48 woautboriad persos is te probibited by we. 


* 


the Johns Hopkins University 
AVPLIED PRYZICH LARGRATORY 
. Stiver Sgving, Margiand MRT-4- 046 


« 


QM- 66-072 
Page 2 


Ii, DESCRIPTION OF THE MICROWAVE FACILITY 


The microwave test facility implemented at Walter Reed conr- 
sists of a microwave anechoic chamber, an expandable conical transmit~- 
ting horn attached to one end wall of the chamber, and the microwave 
control and monitoring equipment installed in four equipment racks 
which are housed in the control room adjacent to the transmission end 
of the chamber. Also, a standard gain horn power monitor, and two 
sleeve dipole monitoring antennas are installed in the microwave chamber, 

The facility was designed to operate at S-Band, with conver- 
sion potential through X-Band, such that a suitable quiet zone ~ minimum 
dimensions, 3' wide x 2' high x 1' deep, for two test samples side by 
side - would be illuminated uniformly; a power density of 2 mw/em® + 1.0 db 
over the frequency band was the design goal, with a potential for a power 


density of LO mw/cm over a reduced volume and a’ fixed frequency. 
A. MICROWAVE ANECHOIC CHAMBER 


The microwave anechoic chamber (Eccosorb Anechoic Chamber No. 
650) is approximately 15' wide by 15' high by 35' long. The proposed 
four foot cubic quiet zone is symmetric about a point 25 feer from the 
transmitting end wall, and equidistant between the floor, ceiling and 
side walls. Figure 1 is a photograph of the chamber; figure 2 is the 
general arrangement drawing, and also shows the mounting detail for the 
transmitting horn. ° 

The design requirements for the chamber specified that the power 
variations should not exceed + .25 db superimposed on the transmitted gain 
“droop"™ measured in the quiet zone .with an absorber backed dipole over the 
frequency band of interest. As noted in Section IIT of this report, 


these values were not realized, and power “amplitude ripples” as great as 


+ 1.0 db were observed, The chamber evaluation showed that for the minimum 


- quiet zone dimensions - 3' wide x 2' high x 1' deep, - power variations of 
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+ 1.75 db were possible over the §-Band frequency range. When a stan~ 
dard gain horn was used as the field probe instead of the absorber backed 
dipole, considerable improvement was observed; amplitude ripples were less 
than + 0.25 db. This is discussed further in Section IIT. 


B. MICROWAVE EQUIPMENT 


The microwave equipment is assembled in the four racks shown in 
figure 3. Equipment rack number on® contains the Spectrum Analyzer R. F. 
and Display sections, Rack number two contains the auxiliary low power 
microwave generation and modulation equipment, and some ancillary equip- 
ment, in addition to the control panel for the field traversing mechanism, 
Rack number three contains the primary low-power microwave generation and 
modulation equipment, and the necessary monitoring and recording equip- 
ment. Rack number four contains the high power microwave amplifier and 
associated power supplies and R. F. power monitors. 

The equipment in rack number two is not interconnected (nor is 
the spectrum analyzer}. The interconnection of racks number three and four 
with the expandable conical horn is shown in figure 4 which is a functional 
block diagram of the microwave system, Also shown in this figure are the 
“downstream power monitors in the anechoic chamber. 

All of the equipment assembled in racks number two and three are 
commercial "off the shelf" units (traveling mechanism control panel ex- 
cepted) and constitutes the best and most versatile, in terms of possible 
R. F. modulations, microwave equipment available. This was particularly 
necessitated by the unknown nature of the desired signal for an experimental 
facility. These units were specified and purchased by the program managers 
(AFAL). Compatability and suitability of this equipment was monitored by 
APL and the equipment was functionally assembled and tested at APL and de- 
livered as a unit to Walter Reed. 

The high power microwave amplification equipment in rack four 
was purchased under separate contract (from AFAL) to Microwave Associates 


and was delivered as a unit. 
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Cc. TRANSMITTING HORN 


The transmitting horn characteristics were dictated by the 
dimensions of the quiet zone to be uniformly illuminated. This de- 
sign rationale and the test results are discussed in Appendix A of this 
report. In order to provide a constant gain and beamwidth over the de- 
sired frequency band, "add-on" sections were provided as depicted in 
figure 5. 

The first section of this “expandable” conical horn incor- 
porates a rectangular to circular transition obviating the need for a 
separate rectangular to cireular waveguide transition. 

Gain measurements and antenna patterns were taken for each 
horn section at the center, and at the low and high ends of the S-Band 
frequency range. The results of these measurements are summarized in 
figures 6, 7, 8, and 9, Figure 6 shows the absolute gain of each of 
the sections across the frequency band. Also shown, is the design fre- 
quency range for each section, Figures 7 and 8 show the E and H plane 
3 db beamwidth respectively, and figure 9 is a typical E and H plane 
pattern (section D3) in its design frequency range. 


dD, POWER MONITORING 


One of the prime requirements for the microwave test facility 
was the ability to accurately determine the power density in the quiet 
zone of the anechoic chamber and to observe the transmitted signal, within 
the limits afforded by commercially available test equipment. 

Three monitoring channels were incorporated in the system, and 
several coupled outputs are available for observing signal wave forn, 
either on an oscilloscope (detected outputs), or directly on the spectrum 


analyzer (see figure 4). 
1. Transmitted Power Monitor 


To measure the transmitted power, two coaxial directional couplers 
and a thermistor mount were installed in the high power equipment rack (fig- 
ure 4), The thermistor output is connected to the HP 431C power meter in 


rack number three. The loss in this coupled transmission path was measured 
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over the S-Band frequency range. The resultant calibration was incor- 
porated with the measured loss of the output cable and the waveguide to 
coax adapter on the transnitter horn, to plot the transmitted power curve 
shown in figure 10. This curve is a plot of corrected power meter reading 
versus transmitted power. Included in this figure is the legend for deter- 
mining transmitted power from the corrected meter reading, and conversely, 
the method for setting the: transmitved power by observing the meter reading. 
This figure in conjunction with figure 11 (Power Density per Watt Trans- 
mitted for Each Horn Section) can be used to determine the on boresight 
power density in the quiet zone. This is explained in greater detail in, 


section II E. 
2. Standard Gain Horn Monitor 


The standard ois horn monitor (monitor number 1 in figure 4), 
is the primary “downstream power density monitor. The gain deviation ver- 
: : sus frequency curve of the standard gain horn, and the measured loss of the 
}@ connecting cable and waveguide to coaxial adapter were incorporated into 
one frequency correction curve, shown in figure 12. This figure is a plot 
of the power density as a function of the corrected power meter reading. 
The power density thus measured is the power density at the position where 
the standard gain horn is placed in the chamber, and not the on boresight 
power density alluded to in the section above. It is possible to measure 
the power density in the anechoic chamber directly, only if the horn moni- 
i tor can be physically placed at the desired position without interfering 
with the experiment in progress. If this is not possible, then the power 
density can be determined by extrapolating the measured power density, to 
the power density at any other position in the quiet zone by using the 
known gain-beamwidth characteristics of the transmitting horn section. In 
a similar fashion, the on boresight power density determined from the meas- 
ured transmitted power can be extrapolated to any point in the quiet zone. 
The determination of power density for other than on boresight (and meas- 


wred) conditions is discussed in Section II F,. 
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3. Monitor Dipoles 


In addition to the standard gain horn monitor, two sleeve di- 
pole monitors are available in the chamber for the observation of signal 
waveforms. These dipole monitors are shown in figure 13. The design 
dimensions and the measured results are discussed in Appendix B. 

* It was originally intended that these dipoles would be cali- 
brated and used to measure. the abso'ute power density at any pesition in 
the chamber. Unfortunately, the rather Large amplitude ripples caused by 
the reflections from the chamber walls, precluded this possibility. (The 
standard gain horn integrates the ripples over its considerably larger . 
area and, consequently, was substituted as the prime power density monitor.) 
However, since the dipoles are light-weight and easily movable, they were 
retained for signal waveform observation, and for the “gross measure" of 
power density. Since the two monitors have identical characteristics, by 
placing one at a region of known power density, and piacing the other at 
any desired position, the power density at any position can be determined. 
This is a “grosg measurement" because the amplitude ripples can cause an 


error as great as 2.0 db. 
E. SELECTION OF TRANSMITTING HORN SECTIONS 


As stated previously, the microwave facility was designed such 
that a suitable quiet zone - minimum dimensions, 3' wide by 2’ high by 1’ 
deep for two test samples side by side - would be uniformly illuminated; 
a+ 1.0 db power variation in the quiet zone was the design goal. The quiet 
zone starts at a transmission length of 23.0’ and is symmetric about the 


chamber horizontal and vertical axis, 
be Design Frequency Range 


As discussed in Appendix A, the quiet zone dimensions set the 
beamwidth characteristics of the transmitting horn; and a conical trans- 
mitting horn with "add-on" sections was designed to give maximum gain with 
the required beamwidth over the $-Band frequency range. Under these condi- 


tions, figure 11 shows the "design frequency range" for the appropriate 


‘This document contains ———- siecting tha aational defense of the United Staive withia the meaning of the Espionage Laws, Title 18 
Swctiom» 793 and 754. 


~ The treaamueoa oe the revelation of ita contents in nay manner to an unauthorised person is probibited by law. 


ry , Tha Johas Hopking University “SPC 
APPLIES OHYBICR LARORATORY 


Silver Spring, Merylend MRT-~4-046 


a : QM-66-072 
: Page 7 . 
sections (Dl through D6). This figure is a plot of power density (in mw/en® ) 

per watt transmitted - Pd/W - versus frequency for each of the horn sections 


at a transmission length of 23.0 feet. These curves are obtained by plotting 


the expression: 


P 
a 1 T Pd 
AX PB Re 3 as a function of frequency, 
r T : 
where Go is the measured gain of each of the transmitting horn sections, 
and R = 23.0 feet is the transmission length. Thus P 1 is the 
A. . ry 


power density per watt transmitted when Po ig the transmitted power. 
It can be seen from figure 11 that, for the design frequency 


2 
mfcm 4 10%. For 250 watts of transmitted 


2 
ranges, Pd/W is 1.6 x 10° rere 


power ~ the recommended upper limit for continuous operation of the high 
@ ; power TWT - the power density is 4.0 mw/cnt + 10%, which adequately meets 
the design goal of 2 mw/cn’ in the quiet zone. 

. Neglecting reflections in the chamber, the power density vari- 
ation for angles off boresight is dependent upon the transmitting horn sec- 
“eie8 used (the gain), the frequency, the angle, and the transmission length, 
The change in relative amplitude versus frequency for angles of 2, 4, and 6 

degrees for each of the horn sections is shown in figures 14 and 15. The 
change in relative amplitude is defined ag the maximum relative power ampli- 
tude at a designated frequency (the gain at boresight), minus the relative 
amplitude at the off boresight angle indicated, at the same frequency. The 
curves were obtained from the measured antenna patterns. Thus, the curves 
in figures 14 and 15 show the change in power density, for a fixed trans- 
mitted power and transmission length, at the angles indicated for each of 
the horn sections. For the minimum quiet zone dimensions, starting at a 
transmission length of 23', the maximum off boresight angle, in the H plane 


(vertical polarization) is: 
2 1 i 
& O,72 tan 4.5 = + 3.75", and in the E plane 4, * + tan Me 2S. 
23 


’ i ? 
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It can be seen from figure 14 that in the design frequency range, the 
maximum change in relative amplitude is 0.75 db, which occurs for horn 
section Dl at frequency 4.0 GHz, (H plane, 4 degrees). Adding another 
0.4 db due to the change in transmission length in the quiet zone (one 
foot deep), the total change in relative amplitude, and hence the change 
in power density for a fixed power transmitted, is 1.15 db (+ .6 db) 
which is well within the + 1.0 db goal set for the quiet zone. 
For a quiet zone 4' wide x 3' high x 1' deep O.> + 5: 8 


~ 


et 4.0%), 
the power density would be within + 1.0 db (neglecting reflections). This 


was borne out by the chamber evaluation discussed in Section III. 
Pe Horn Sections for Higher Power Densities 


To increase the versatility of the facility, additional “add-on” 
horn sections were designed to uniformly illuminate successively smaller 
quiet zone volumes with increased gain. Thus, at the upper end of the fre- 

3 quency band (3.95 GHz) horn section D1O will illuminate uniformly (+ .5 db) 
@ . a quiet zone large enough for a single test sample - 1,5' wide x 1° high x 
1' deep. This can be determined from figure 15 where for D10 and a= + 9°. 
or = + ae AA = .5 db, At this frequency, D10 gives the maximum power den- 
sity obtainable for the system. From figure 11, for horn section D10 at 
3.95 GHz, Pd/W = 3.83 x 10 , and the power required for a power density of 


18 
10 mw/em’ is: —————., «= 
3.83 x 10° 


power TWI in the system. 


260 watts which is obrainable from the high 


F; DETERMINATION OF POWER DENSITY 


As discussed in Section TI D, the power density can be determined 
by direct measurement using the standard gain horn monitor and figure 12, if 
the monitor can be physically placed at the desired position. The on bore- 
sight power density can also be determined from the measured transmitted 
power and figure 11. From the discussion in Section E above, it can be seen 
that this value will be correct to better than + 1.0 db for any point in the 


quiet zone in the design ranges. 
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In using the larger section to illuminate the 3’ wide by 
2' high by 1’ deep quiet zone, the power density at any position can 
be determined from the on boresight power density/watt transmitted 
curve (figure 11), and the 4A curves given in figures 14 and 15. 

As an example, for horn section D1O with 200 watts trans- 
mitted at 3.95 GHz, the power density at boresight is Pd = Pd/W x 
power transmitted. Pd/W = 3.83 x 10° from figure 11, therefore, 

= 7.66 mi/em. At the edge of the 3' quiet zone, Pn =+ tan 1,.5/23 = 

+ 3, 75°. Interpolating from figure 15 for D1i0, 8 =+ 3.75; AA is ap- 
proximately - 2.25 db = 60% of the maximum Ses and the power ’ 
density is approximately 7.66 x 60% = 4.56 mv/cm at the quiet zone edge. 

In a similar manner, the on boresight power density can be 
determined from the measured power density at any point in the quiet 
zone, Actual values measured during a preliminary experiment are used 
as an example. The standard gain horn monitor was placed 2.5' off bore-~ 
sight in azimuth, and its meter reading was 2.4 dbm. From figure 12, at 
3.2 GHz (the transmitted frequency) the frequency correction term is 2.2 
db. Thus, the corrected meter reading is + 2.4 dbm + 2.2 db = 4.6 dba, 
which (from figure 12) corresponds to a power density of 3.1 mw/em’ at 
the point of measurement. The moniter horn position gives a oy ore tan 

2.5/23 = +6.1°, and from figure 14 for a," 6° and horn section D6 

{the horn section used) 4A = 1.9 db = 65%. “therefore; the on boresight 
power density is 3.1 mu/em’ x oF = 4.78 ma/em’. For this experiment, 
the measured transmitted power (210 watts) gives an on boresight power 
density of 4.72 mw/enf (from figure 11) which is in good agreement with 
the above calculated value (4.78 mw/ cxf). 


ITT. EVALUATION; PROCEDURE AND RESULTS 


The evaluation of the microwave test facility was divided in three 


phases: (1) the evaluation of the reflection from the walls and ceiling of the 
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empty microwave chamber as measured with an absorber backed dipole and 
a standard gain horn, (2) the measurement of the reflections from a 
single sample container (both occupied and unoccupied) in the quiet zone 
and (3) the measurement of the power density in the chamber using the high 


power source and the various horn sections. 


A. MICROWAVE CHAMBER EVALUATION 


‘ 


The results of the evaluation of the microwave anechoic chamber 
are summarized tn Table I. It can be seen from this tabulation, that for 
the required minimum quiet zone dimensions ~- 3' Wide x 2' High x 1’ Deep - 

a total power variation of + 1.75 db is possible over the frequency band of 
interest, At selected frequencies, adequate quiet zones with + 1.25 db 
variations are possible. The measurements, performed with an absorber backed 
dipole, indicate that the power variations are primarily due to "amplitude 
ripples" caused by reflections from the chamber walls. Maximum ripples as 
great as + 1.0 db were observed. Figure 16 is a typical example of the 
power variation due to reflections. This data is for a 25' transmission 
length at F = 3.25 GHz. 

The values obtained with a standard gain horn at 3.25 GHz (gain = 
16.5 db) are also shown in Table I, (from figure 21) as an example of the 
optimistic conclusions resulting from the use of a large area receiving 
antenna. The horn integrates the reflected ripples over a receiving area 
considerably larger than that of the dipole. Maximum ripples as observed 
with the standard gain horn were less than + 0,25 db. 

The chamber was evaluated by taking horizontal cuts, through the 4 
foot cubic quiet zone which is centered equidistant between the side walls, 
and the floor and ceiling; a distance 25.0' from the transmitting end wall. 
The horizontal cuts extending + 2.0' from this quiet zone center, were taken 
at elevation increments of + 1.0', + 1.5', and + 2.0' for each transmission 
length increment of + 1.0', + 1.5', and + 2.0’ from the 25,0’ center point. 
These measurements were repeated at each of the six different frequencies in 
the design range of each of the horn sections. Relative power as a function 
of horizontal distance was recorded on an X-Y recorder, equipped with a roll 


chart adapter, for each of the measurement increments. 
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oe None 2°'Wx2°Hx3'D ee ue 4'Wx4'Hx1'D | 4’ Wx4'H: 
ae) 3°Wx3'Hx3'D |4'Wx3'Hx2'D (2.75« 

4'Wx2‘Hx3%'D 
3°Wx4'Hx2'D 
2°Wx3'Hx1'D | 4bWx3'Bxl'D | 4'Wx3'Hx2'D 14'Wx3'Hx3'D 14'Wx4'Hx4'D 
2.8GHz 3'Wx2'Hx2'D | 3'°Wx4'Hx1'D [3'Wx4'Hx3k'D 
sea 2'Wx3'Hx2"D | 3'WaS"Hx34'D| 3 Wr3'Hxd 'D 
2'Wx4'Hxk'D | 2'Wx6'Hx2'D | 2'Wx4'Hx4'D 
3'Wx2'HxS'D 4'Wx2'HxL'D | 4'Wx3'Hxl'D [4'Wx3'Hx2'D ]4'°Wx4'Hxl'D | 4'Wx4'H 
3. OGHZ 3°W'3Hxl'D | 3'Wx3'Hx2'D [3‘Wxd'Hx3h'D]3'Wed'Hx4'D | | (2.54 
(D4) 3°Ux2'Hx3'D | 3°Wx2'Hx4'D | 3'Wx3'Hx4'D 
2'Wx4'Hx2'D 
3°Wx2'Hx1'D | 4'Wx2'Hx2'D | 4'Wx3'Hxi'D [4'Wx4'HxL'D [4'Wx4'Hx2'D | 4’Wx4'H 
3.25GHz 4'Wx2'Hx3'D [4'Wx3'Hx3'D 14'Wx3'Hx4'D (2,25 
@ (D3) 3'Wx2'Hx34'DI4'Wx2'Hx6'D | 3°Wx4'HX3'D 
. 3'Wx3'Hx4'D 
i 
3.25GHz 4'Wx3'Hxb'D | 4'Wx4'Hxi'D | Great many [4'Wx4'Hx4'D 
(D3) 3'Wx2'Hx2 4'Wx3'Hx3'D options 


Standard Gain 


rn ee 


Many others 


‘Horn 
hone None 2'Wx4'Hx1'D | 3'Ux4'Hxi'D [4'Wx4'Hx2'D | 4'Wx4'H 
. 3.45GHz 2'Wx2'Hx2'D |3'Wee2'Hx3%'D14'Woe2'Hx3'D | (2.25 
(D2) 2'Wx4'Hx2'D | 3'Wx3!Hxd'D 
2x3 "Hd ''D 
2'Wx2'Hok'D | 3'Wx2'Hek'D | Stwx2tHei'D [4 Wx4 tk! D [4 'Wad xd ''D 
3.8GHz 2'Wx3'Hx2'D | 3'Wx2'Hx3'D [4'Wx3'Hx4'D 
(Dt) 2"Wx3Hx4'D 
= Width H = Height D = Depth 
Notes: 


(1) All quiet zone volumes start at a transmission length of 23 feet and are 
: symmetric about the chamber width and height center points. 
(23 Underlined are the volumes with minimum variations whose dimensions are 
2minimum required values (3'Wx2'Hx1'D) 
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At each frequency, the measured power is relative to the hori- 


zontal and vertical center points, at a transmission length of 23.0 feet, 


Relative power levels were not maintained from frequency to frequency. 


The resulting reams of data are summarized in seven tables, based 


on frequency, shown as Figures 16 through 22. Analysis of the seven tables, 


using the crosshatch patterns shown in the NOTES section of these figures, 


resulted in the summary presented in Table I, 


The chamber evaluation, using a standard gain horn instead of the 


absorber backed dipole, was performed in an identical manner. These results 


from figure 21, are also summarized in Table I, 


aa 


The aforementioned crosshatch patterns, and the summarized results 


in Table I, are subject to the following arbitrary rules and definitions in 


order to keep the analysis manageable and to not unduly complicate the re- 


sulting quiet zone options. 


1. 


2. 


5. 


Although the data taking procedure does not preclude the possibility 


ALL summarized quiet zone volumes start at 23.0‘ and are sym- 


metric about the chamber vertical and horizontal center points. 


The lowest minimum power level in the vertical distances sym- 
metric about the center point determines the crosshatch pat-~ 
tern, For example: in figure 16 for a transmission length of 
23.0' in a horizontal distance of + 2.0', the minimum power 
levels for the symmetric distances UP 1.0' and DOWN 1.0° are 
-2.25 db and -0.75 db, respectively. Both of these points, 
then, are assigned the crosshatch pattern associated with 
~2,25 db, which is the minimum power level in the vertically 
symmetric distance of + 1.0' (UP 1.0' and DOWN 1.0’). 

The maximum ripple is the maximum positive and negative per- 
turbation (in db) from the average power level curve (rhe 
"smoothed" curve) in a horizontal traverse. 

The underlined volumes in Table I are dictated by the mini-~ 
mum volume required for two test samples in containers placed 
side-by-side (3'Wx2'Hx1i'D). 


All power level values are rounded off to the nearest 0.25 db. 
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of missing "worst point" cases, it is felt that the very large number of 
data points measured represents a good statistical sampling, and the con- 


clusions summarized in Table I are representative of the chamber behavior. 
BE. EVALUATION OF TEST SAMPLE CONTAINER AND TEST SAMPLE IN THE CONTAINER 


l. Test Sample Container 

Tests were conducted with a single test sample container in the 
quiet zone. For the container havirg no microwave absorbing liner, fairly 
large amplitude ripples resulted (greater than + $.0 db}. With the container 
almost completely lined wlth a microwave absorber (the "radiation window" ex- 
cepted), these variations are reduced to approximately + 3.5 db. Removing 
the plexiglass back that was on the container (the container is irradiated 
from the back) and replacing it with a thin plexiglass back (1/16" thick) 
further reduced these variations to approximately + 2.5 db. By absorber 
lining certain braces that are within the radiation window (and cannot be 


removed), the perturbations are reduced still further, to approximately 


+ 2.0 db, however, portions of the radiation window are blocked, In any 


event, the test sample in the container perturbs the field in some different 
manner and the question arises as to what constitutes a valid set of measure- 
ments: the sample and container immersed into anunperturbed field, or the 
sample placed in an unperturbed field within the container (if this were 
possible). In either case (the test sample and container, or the sample 
alone), complex multiple reflections result. 

Consideration should be given to the possibility of constructing 
a suitably lossy microwave container with a radiation window of the desired 


~ 
dimensions. 


2. Evaluation Procedure 


The evaluation of the test sample container in the microwave cham- 
ber was performed by mounting the container in the center of the four foot 
cubic quiet zone (at a transmission length of 25.0 feet) on the horizontal 
traversing mechanism. A monitor dipole was placed at a transmission length 
of 23,0' on the horizontal and vertical center point. Received power was re- 


corded as a function of the horizontal traverse of the container in the quiet 


Spey 
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zone. The dipole was then moved toward the container in 3-inch increments 
: and the measurement repeated. This procedure was repeated for several dif- 
ferent elevations of the monitor dipole and several different frequencies. 
The test sample container was moved behind the dipole moniter, rather than 
the monitor being moved in front of the container, because, in the latter 
case, the traversing mechanism would "shadow" the container. Typical re- 
sults of the container evaluation are shown in figure 24. 
To mount the container at the proper elevation level, the travers- 
{ ing mechanism was fitted with an absorber pedestal, epee which the container 
was placed. The pedestal by itself (and the traversing mechanism) was evalu- 
ated as described above with negligible perturbations of the R, F. field re+ 


sulting. 
3. Test Sample 


| The evaluation of a single test sample in the test sample container 
was performed in a manner identical to the procedure described above, Results 
@ of these tests show that the sample in the container does not greatly increase 
the magnitude of the field perturbations over those observed for the container 
alone - + 2.88 db versus + 2.63 for the two cases respectively ~ however, the 
phase of the reflections is changed such that where a maximum was observed 
without the test sample, a minimum might now exist. Table II, below, is a 


summary of the evaluation of the test sample and the test sample container. 


TABLE IT 
| _ Summary of Sample Container and Sample~in-Container Measurements 
Test Condition Field Variation 
A. Sample Container Alone (Worst Case*) 
Absorber Lined Container (3/8' plexiglass back) + 3.63 db 
" " (no back} + 4.88 db 
a 5 (1/16" plexiglass back) + 2.63 db 


B. Sample in Sample Container 


Absorber Lined Container (1/16" plexiglass back) + 2.88 db 
C. Sample Alone** + .88 db 
'* Worst Case = greatest maximum to greatest minimum power variation in 
. the quiet zone, for all positions of dipole monitor (see 
figure 24). 


** Perturbations due to Sample movement alone, container and dipole 
monitor 
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The final evaluation phase of the microwave test facility was 


the measurement of the power density in the quiet zone, utilizing the com- 


plete microwave chain. 


The power density was measured with the standard gain horn monitor 


as outlined in Section II F, for various frequencies, and for values of trans- 


mitted power between 200 and 300 watts with the appropriate horn sections. 


These measured values were comparea with the power density calculated from 


the measured transmitted power and the gain of the horn sections. 


sults are summarized in Table III. 


Freq. 
(GHz) 


2.6 
2.7 
2.7 
2.8 
2.9 
2.9 
3.0 
3.1 
Sie 
3.3 
3.4 
3.6 
3.6 
a 
3.8 
a09 
3.95 
4.0 
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Measured versus Calculated Power Densities 


Section 


D6 
D6 
DS 
D5 
DS 
D4 
D4 
D4 
D3 
D3 
D2 
D2 
D1 
DL 
D1 


D1. 


DL 
DL 


NOTE: 


Gain 


99.6 
105.90 
912 
95.6 
102.0 
89.0 
93:5 
160.0 
93.5 
100.0 
91.2 
102.0 
89.0 
95.6 
100.0 
105.0 
110.0 
112.0 


TABLE IIT 


Tx, Horn | Tx. Horn{ Measured 


Power 

Power pensity -mw/e 

(Watts) (P,G,,/40R° ) 
228 3,40 
226 3.55 
220 3.0 
216 3,09 
240 3.20 
236 3.14 
234 3.27 
232 3.47 
226 3.16 
232 3.47 
v 232 3.17 
236 3,61 
245 3.27 
260 3.71 
278 4.16 
250 3.93 
250 4.12 
250 4,19 


For these measurements R = 24.0" 


The re- 

Measured {| A = 
m | Power Density Calc.,- 
mw / ene Meas. 
3.70 ~0.30 
3.90 ~0.35 
3.0 0.00 
3.2 -0.11 
2.9 +0.30 
2.85 +029 
Smee & +0,17 
Pe +0.12 
3.0 +0,16 
3.45 +0.02 
3.0 +0.17 
3.6 +0.01 
3.6 -0,32 
3.6 +0511 
4,15 +0.01 
4.0 -0.0; 
4,35 ~0,2: 
4.25 -0, 0¢ 
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D. CONCLUSION | 


The microwave equipment at the Walter Reed facility is capable 
of producing a power density of approximately 4.0 mve/on’ in a quiet zone 
adequate for two test samples side-by-side (3'W x 2'H x 1'D) over the 
S-band frequency range, with a transmitted power of 250 watts - the 
recommended upper limit for continuous operation of the high powered 
traveling wave amplifier, 

For reduced quiet zone volumes, a power density of 10 mw/cm? 
is possible. ; 

When evaluated with an absorber backed dipole, total power 
variations of + 1.75 db were observed in the 3'W x 2'H x 1'D quiet zone 
over the S~Band frequency range, primarily due to reflections from the 
chamber walls (+ 1.0 db). Using a standard gain horn as the field 
probe reduces the observed "ripples" to less than + 0,25 db. 

' For a single test sample in an absorber lined test sample 
é ; container, field variations of + 2.63 db were measured. The movement 
of the sample alone produced variation of + 0.88 db in the power 


\ measured with the dipole antenna. 
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Figure 19 
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APPENDIX A 


Transmitting Horn, Design and Test Results 
INTRODUCTION 


The anechoic chamber specifications originally called for a 
four foot cubic quiet zone; however, it was determined that a quiet zone 
3' wide x 2' high x 1' deep would be suitable for two test samples in con- 
tainers side-by-side. With a minimum transmitted power of 200 watts, a 
power density of 2 mw /en + 1.0 db was required in the quiet zone. To 
altow for a margin of safety, a uniform illumination (within + 1.0 db) in 
a 4°! x 3'H x 2'D quiet zone was the design goal for the transmitting horn 
antenna, 
A conicai transmitting horn antenna design was chosen because it 
has an H plane to E plane beamwidth ratio close to that required (4 to 3), 
without the narrower beam in the intercardinal planes associated with the 
& pyramidal horn antenna. 
Because gain and beamwidth vary with the wavelength, the horn 
design incorporates "add-on" sections for the various incremental band- 
| widths. This is discussed further under beamwidth considerations. The 
first section includes a built-in rectanguiar to circular transition ob- 
viating the need for a separate waveguide transition. Figure 5 in the main 


section of this report is an illustration of the transmitting horn, 
BEAMWIDTH CONSIDERATIONS 


The geometry for the horn illumination of the quiet zone is shown 


in the following sketch. 
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The chamber specifications called for a maximum of .5 db (+ .25 db) 
change in amplitude due to reflections from the walls. This value, added to 
the .75 db (+ .37 db) change in amplitude due to the change in transmission 
length (Ge loss), dictated that the change in amplitude due to the beamwidth 
of the transmitting horn could not exceed .75 db in order to meet the design 
goal of + 1.0 db change in power density in the quiet zone volume, From the 


above sketch, then, the .75 db bearwidth is 2 8, = 2 tan 2 9,.2°. Fron 
25 


the figure in reference 3, the ratio of the .75 db beamwidth to the 3 db 


beamwidth is .5. Thus, x 
00.75 ab) ae eT er 8675 se Bo os oe 
oc 3 db) ° H . 5 3 : 


i 
| 


The $-Band frequency range from 2 to 4 GHz was divided into eight 
@ Ab conente: each representing approximately 10% of the band, in order to keep 

the beamwidth (and gain) nearly constant. To compensate for this ten percent 
bandwidth, the design beamwidth was increased by ten percent, resulting in a 
! desired H plane 3 db beamwidth of 20°. 


The horn aperture diameter in wavelengths (D/\) was determined fron 


the approximate expression from the H plane beamwidth (4) 
~ 70 
§,G db) D/A 


i For 6,03 db)= 20°, D/A = 3.5. Starting at 2.0 GHz, the approxi- 
mate 10% incremental frequencies, wavelengths, and the diameter of the horn 
section computed from D/A = 3.5 are shown in Table Al. Also shown in this 
table are the lengths of the various sections computed from the geometry in 


the following sketch. 


une | Pe = phase error 
\ é, 
¢ 


i+? . in wavelengths 
ee ee ry L is @y' x wl 
2 2¢ 


hen spherical wo = 
/ phase froné Ree Pata. & 


fo 


(chosen) 


L= &\ 


FEA 
se cei PEC Rane 
(3) The Microwave Engineers Handbook and Buyers Guide 1966, Page 174 


(4) Antennas J. D. Kraus oe Hill 1956, Page 381 
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Thus L 


as tabulated, 


8\ determined the lengths of the various sections 


i 


TABLE Al 


_Horn Dimensiozs 


Diameter (in.) Section 
D= 3.5A Designation 


The recommended frequency range for $-Band WR 284 waveguide is 
2.6 to 3.95 GHz, therefore horn sections larger than D6 may not be required. 
However, should higher power densities be needed (over smaller areas) horn 
sections D7? and D8, and two additional sections, D9 and D10 were constructed. 
The diameters for D9 and D10 are 22.5 "and 24.5", and the lengths are 26.75" 


" 
and 31.75 respectively, based on the same criteria as the other sections. 


GAIN REQUIREMENTS 


The above analysis assumes an aperture with sufficient 
2 


gain to provide a power density of 2 mw/cm” for a minimum of 200 watts 
of transmitted power. Reference 5 gives the gain of a conical horn as 
ona 
G (db) = 10 log (yr) - Lwhere L is the loss term (in the reference figure) 


versus the phase deviation at the aperture edge. For the selected phase 


deviation of 4/4, L = 1.5 db; and for D/X\ = 3.5 


nmp.® : ; 
G= wt, - 1.5 db = 20.85 - 1.5 = 19.4 db 


(antenna Engineers Handbook oH. Jasik, Ed. McGraw Hill (1961) Chap 10-4 
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The power density is 
P P_G 
xr a 
Pd = = = where P, = 200 watts (min 
A. 4rtr® T emily 
G> = 19.4 db = 87 
R = 24 ft 


N 


Pd = 2.6 mw/em®, which is adequate. 


MEASURED VERSUS CALCULATED VALUES 


The calculated gain @bove) was 19.4 db at the design frequencies, 
which included a 1.5 db loss due to efficiency and phase error, The meas- 
ured gains at the design frequencies are tabulated below along with the dif- 


ference between the measured and calculated gain (AG). 


TABLE A2 
Measured versus Calculated Gain 
@ Horn Design | Measured Calculated Ne 
Section Frequency Gain 
D1 ee 20.3 +0.9 
b2 20.0 +0.6 
D3 19.7 +0,3 
D4 1957 +0.3 
D5 19.6 +0.2 
D6 19.4(est) +0.0 


From this table, it can be seen that the measured gain is very 
slightly higher than calculated. This is due in part to the beamwidth being 
slightly narrower than the design value; and in part to the phase deviation 
at the aperture edge being less than 4/4, and consequently, the loss due to 
phase error and efficiency being slightly less than the 1,5 db allotted. 

Table A3 below compares the measured and calculated 3 db beam- 
widths, which again are in good agreement. These values indicate that the 

@ expression for the H plane 3 db beamwidth is more nearly 8,6 ate and 
for the E plane a, = 55/DA. 
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TABLE A3 


Measured versus Calculated E & H Plane Beamwidths 
Measured Calculated Measured Ca aha 


Horn |Frequency | H Plane 3dbB.W] 8 4 Ad 55 E Plane 3dbB.W ge (db )=,, 
Section (GHz) (Degrees) . (Degrees) 
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APPENDIX B 


? 


Sleeve Dipole Antenna 


A dipole was chosen as the field probe antenna for the chamber 
evaluation in order to observe virtually all of the reflections from the 
walls (and the ceiling and floor), which contribute to the perturbation of 

te the field in the chamber. The sleeve (or skirt) dipole design was selected 
because of its natural configuration for an upright power monitor of a ver- 
tically polarized field, and because of its ease in construction utilizing 
the APL 5-spline semirigid coaxial cable which was available; the dipole 
probe tip simply screws into the cables hotlow center conductor, The di- 
pole is illustrated in figure Bl. This figure gives the pertinent design ' 
dimensions which were arrived at empirically using the basic tenets set 
forth by siiver®®). 

Figure 13, in the main section of this report, illustrated the 

@ fixed monitor version of the sleeve dipole used as a power monitor in the 

chamber. 

Figure B2 illustrates the "gooseneck" version used to evaluate 

| the chamber. 

| The VSWR of both versions is shown in figure B3. These values 

include the mismatch from the Type N to 5-spline cable transition. A sur- 
prising feature of these dipoles is that the VSWR was less than 2:1 from 
2.6 GHz to 11.4 GHz (the limits of the then available equipment). 


@ (5) ueerouave Antenna Theory and Design &. Silver, Ed. 
MIT Rad Lab Series, Voi 12 McGraw Hill (1949) Chap 8.2 
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Field Traversing Mechanism 


The field traversing mechanism used to evaluate the anechoic 
chamber is shown in figure C1. It is capable of moving the probe antenna 
(either the dipole or the standard gain horn) in azimuth and in elevation 
a distance of + 2.5' from the center at variable speeds. The entire 
mechanism was moved manually along the transmission length of the chamber 
: during the evaluation, 
incorporated in the mechanism are voltage readouts proportional 
to the distance (in both azimuth and elevation) which are used to drive an 
X-Y recorder, Also included are syncro position indicators on the Heniote 
control panel. Limit switches at the azimuth and elevation extremes set 


the motor brake until the movement direction is reversed. Figure C3 is a 


wiring diagram of the mechanism and its control panel. 
@ The “mast” is readily removable for ease in transportation and 
storage. For the ‘sample container" measurements, the mast and its "super 
| structure", and the entire elevation drive mechanismwere removed, and an 
absorber pedestal was placed on the movable azimuth base. . The sample con- 
tainer was placed on this absorber pedestal and moved +2.0 feet in azimuth 
behind the fixed dipole monitor, During all measurements, the exposed super-~ 
structure is absorber lined. 
Figure C2 is the wiring diagram for the Field Traversing Mechanisn, 
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CALIBRATED MICROWAVE FACILITY AT WALTER REED ANECHOIC CHAMBERS 


Irradiated Test Section 4! X 2' X 1s! 


BASIC SIGNAL 


S-Hand - Consists of Signal I and It operating at the same time and 


superimposed. 
Signal I 
a 
1. Carrier - 3.03 GHz 
2. Noise ~ FM-Modulation - "white noise band Limited ~- 0-500 Hz 
@ 20% of hotel energy is in the modulation products. 


3. Land 2 above are swept with a lO cycle square wave at 
+ 2. MHs bandwidth, 


Signal IT 
1. Carrier - 3.06GHz 


2. Noise - FM-Modulation as above except 80% instead of 20% 
in the modulation products. 


3. Sinewave - FM-Modulation 25*Hz single frequency, a small amount 
of this signal is in the nodulation products. 


h. 1, 2 and 3 above, are swept with a lO cycle triangular wave 
form + 10 mezgacycles from center frequency carrier 


(3.067 GHz). 


The total average power per unit area arriving in the test region where the 
specimens are placed is about 5 milliwatts per square centimeter. 
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Appendix I - continued 
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TABLE I 


Monkey working 7 days/week; 10 hrs/day for 79 days prior to radiation. 
ALL TESTS conducted on one monkey. 


DATS RADIATION KO RADTATION EFFECT NOTED 


29 Oct x 
30 Oct x 
31 Oct x 
2 Nov x 
2 Nov x 
3 Nov x No effects to this point 
oe 
lh Nov x 
5 Nov x 
& Nov x 
7 Nov x 
8 lov x 
ae 
9 Nov x 
10 Nov x 
11 Nov x 
12 Nov x Yes Function "A" 
13 Nov x Yes Complete stoppage in all functions, 
monkey in sleep 
14 Nov x Yes 
15 Nov x Yes ft 
BS 
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TABLE I - continued i sa Si near 


16 Nov x Yes Stoppage same as during radia- 
tion. Stoppage of monkey work. 


17 Nov x Yes tt 
18 Nov x Returns to normal 
19 Nov x 
20 Hov x 
21 Nov x 
22 Hov x 
23 Nov x 
an 

2h Nov x 

25 Nov x 

26 Nov x 
27 Hov x 

26 Kov x 

29Xov x 

30 Hov x 

1 Dec x 

— 

2 Dec x 
3 Dec > 
lh Dec x 
5 Dec x 


6 Dec x 


TABLE I - continued 


7 Dec x 
8 Dec x 
9 Dec x 
10 Dec x 
11 Dec x 
12 Dec X 
13 Dec x 
= 
1y Dec x 
15 Dec x 


End reporting period 


Total number of radiation days 


Two complete cycles of stoppage: 


One ~ recovering is nornal 


One - not yet recovered 


28 


Yes 


Yes 


Yes 
Yes 


Yes 


Yes 
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Function "A' - slowed dow 
rapidly 


Complete stoppage of monkey - 
all functions 


No recovery as yet 
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ADVANCED RESEARCH PROJECTS AGENCY 
WASHINGTON 25, D.C. 


15 DES t465 
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SUBJECT: Project PANDORA - Initial Test Results?) 0. 


sn diveeler, Daneel Tie. 


I. BACKGROUND ee ‘u7 


In excess of five years, the American Embassy in Moscow has been 
radiated with low level electromaznetic siznals (the Moscow Signal) on 
amore or less continuous basis. These signals, in the "S" and "L® 
band spectrum, have been of complex modulation with seemingly random 
variations. 


The White House has directed, through USIB, that intensive in- 
vestigative research be conducted within the State Department, CIA and 
DOD to attempt to determine what the actual threat is and stop it. The 
Fational Program has been coordinated by the Stace Department, under 
code name, "TUHS." ARPA is represented and is conducting research on 
a selective portion of the overall program concerned with one of the 
potential threats, that of the effects of low level electromagnetic 
radiation on man. This memorandum summarizes the initial test results 
obtained from this program called PANDORA. The extremely sensitive 
nature of the results obtained to date, and their impact on National 
Security, has resulted in establishing a special access category for all 
data results and analysis, under cede name "BIZARRE." The code name is 
unclassified. Results can only be discussed with or conveyed to in- 
dividuals cleared for this special access through Mr. Daniel J. Sullivan, 
ARPA. 


II. SUMMARY 


The most important results obtained to date, after 28 days (not 
continuous) of radiation of a primate at 5 milliwatts/cm® with a simu- 
lated Moscow Signal, have been two repetive, complete slowdowns and stoppazes of 
the monkey in carrying out his test work functions. The monkey works 10 brs/ 
day, 7 daysAveek. At stoppage, the data strongly suggests the monkey went 
into deep sleep. The second breakdown occurred sooner than the first, in- 
dicating that pre-stressing due to the radiation environment had occurred. 
There is no question that penetration of the central nervous system nas 


aay ante 


pe-60-/ 
Caper tag! of 


rane a aoe 
. ig ee 


oo. 


er 


been achieved, either directly or indirectly into that portion of the 
brain concerned with the changes in the work functions and the effects 
observed, 


Events leading to these breakdowns were as follows: On the 12th 
day of radiation (10 hrs/day), a definite slowdown was recorded in the 
monkey's ability to time his work functions. On the 13th day of radia- 
tion, the monkey further degraded and finally stopped working. For the 
next two days of radiation, the monkey's condition remained unchanged ~ 
complete stoppage - at which time the radiation was terminated. Three 
days later (Gvithout radiation) the monkey returned to normal operation 
in his work functions. For five additional days (without radiation) 
the monkey maintained a normal work pattern. Radiation was turned on 
after this period and after eight days of radiation slowdown in vork 
functions was again recorded. On the 1Cth day of radiation, complete 
stoppage occurred. The stoppage continued for the next three days at 
which time radiation was terminated. The next two days of recordings, 
up to 15 December 1966, reveal the monkey had rot returned to normal. 


At all times when the monkey ceased to respond, the measured deep 
core temperature dropped 1.2 to 1.5°F from normal with a latency of 30 
to 60 minutes. It stayed at tris level for the remainder of the 10 hr/ 
day. This data and direct observations on a TV monitor strongly suggest 
the monkey was in deep sleep. 


It. DSTAILED TECHNICAL DISCUSSIONS 
A. Signal 


1. The radiation intensity om our Moscow smbassy exceeds, by 
a factor of about 100, the safety level specified in Sogiat microwave 
specification standards; specifically, 10 microwatts/en* - not to exceed 
1 milliwatt/em* for short periods of time (15-20 minutes). The average 
steady level within the Moscow Embassy has been measured at values in 
excess of 1 milliwatt/cm®. The U.S. safety standard is 10 millivatts/cm@. 
Large amounts of Soviet technical literature discuss non-thermal neuro- 
physiolezical and neuro-circulatory effects of microwave radiation at 
levels below the U.S. accepted standard of 10 milliwatts/em*, There has 
been essentially no U.S. data covering this Soviet area of investization. 


2. The signal used in the PANDORA rediation experiments is a 
simulated portion of the Moscow Signal and its complete characteristics 
are shown in Appendix I, including a photograph of a spectrum analyser 
display of the complete signal and an oscilloscope recording of the modu- 
lation signal amplitude characteristics. Generally, the signal is centered 
around 3.0 Giz (S-band) and is frequency modulated. The average power 
density impinging on the monkey is approximately 5 milliwatts/cm@. 
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Be Animal Test Mode  — £ sfaiemaemmntpreineted/ 


1, All testing, to date, has beer ccnducted on one monkey. 
The monkey established a base of performance over 79 days pricr to test- 
ing in the radiation environment. A male rhesus monkey was restrained 
in a chair in the anechoic chamber and trained in olace to establish his 
base level performance without the radiation environment. Monkey work 
functions are broken down into a three-part whedule: (1) Fumction "A" - 
is cued to the monkey by a tone of 3300 cps. This function is designed 
to establish a base level of time response dependent upon internal clock, 
or the ability of the animal to estimate time. The monkey is required 
to wait for a period in excess of 50 seconds after the auditory cue then 
respond by closing a switch, A response before 50 seconds requires the 
monkey to re=cycle. The monkey is rewarded with a food pellet upon cer- 
rect delayed response interval; (2) Function "8" - is cued to the monkey 
by a tone of 1450 ens. In this mode the monkey must sense change in tone 
from 3300 cps to the new signal of 1,50 cps which results in the monkey 
carrying out a new function. This new function is to delay response 
until the tone goes off; (3) Function "C" - starts when the tone of 
1:50 eps stops and the monkey now must press a lever for each food pellet 
which is delivered only after the appropriate geometric progressions in 
number of switch closings. 


ree 


2. The presression is as follows: 


Step No. of Switch Closings Pellets Delivered 
1 LO i 
2 20 1 
| 160 Z. 
4 320 A 
5 6h0 L 


At the end of Step 5, the program is re-cycled, 
IV. TEST RESULTS 


As Function "A" =~ Results presented in Figures 1 through lh show 
ne following: In all figures, the black curves represent the normal 
average response for this animal with time, without the radiation environ-~ 
ment. The vertical black lines with horisontal "pips" represent the entire 
date point range of 79 days of pre-exposure results. The red line indi- 
cates the performance level for the day indicated. Figure 1 represents 
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performance after nine days of accumulative radiation exposure. .This 
curve does not deviate from normal. Fizure 2 presents results after 
fourteen days of accumulative radiation exposure. The red line shows 

a slowdown’ in the animal's timing behavior. Figure 3 presents results 
after eight days of no exposure preceded by twenty-three days of ex- 
posure, sequenced as shown in Table I. This data indicates the monkey 
returned to normal performance. Figure presents results after twenty- 
six days of cumulative exposure and snows a marked decrease in the timing 
behavior (red curve). 


B. Function "5" - Essentially no change observed in all of the 
data renorted above. 


C. Function "Ct - After twelve davs of radiation exposure, the 
time for completing the geometric progression showed a tendency to in- 
crease (slowdown). Qn the thirteenth day, the time to completion was 
cleerly greater than normal and 5 hours and 29 minutes from the start of 
this session, the monkey stopped responding altogether at the progression 
function requiring 640 responses. The next two days (14 and 15), the same 
pattern was seen with the monkey stopping 5 hours and 56 minutes into the 
10 hour session. The next two days, because of equipmert failure, no 
radiation of the monkey occurred - although the monkey stopped working 
completely (all functions) and did not recover until the third day of no 
radiation. Complete cessation of all work function occurred for a total 
of five consecutive days during this run. 


D. Function "D" - The same effect was repeated on the 2hth, 25th 
and 26th day of radiation. At this resorting, recovery is not established. 


Ve OTHER EFFECTS 


At all times, when. the monkey ceased to respond, the measured deep 
core temperature dropped 1.2 to 1.5°F from normal with a latency of 30 
to 60 minutes and stayed at this level for the remainder of the 10 hours. 
This data and observations on a TV monitor strongly suggest the monkey was 
in deep sleep. 


The next. key step in the program will involve repsating these ex- 
periments with a new monkey. Confirming previous results at this stage will 
next require extremely careful experimentation and measurements to begin 
to understand the mechanism involved and identify supporting pepOE MNES, re- 
search that must be conducted. 


\ ME 
Richard Sy 
Deputy Director 
Advanced Sensors 
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ADVANCED RESEARCH PROJECTS AGENCY 
WASHINGTON, D.C. 20301" 


20 December 1966 


MEMORANDUM FOR THE RECORD 
SUBJECT: Project PANDORA - Initial Test Results 


Reference: PANDORA-BIZARRS Test Results - Memo dated 15 Dec 66 


I. BACKGROUND 


For more than five years, the American Emoassy in Moscow has been 


. radiated with low level electromagnetic signals (the Moscow Signal) on 


a more or less daily basis for several hours a day. These signals, in 
the "S" and "L" band spectrum, have been in part recorded and are of 
complex modulation with a pattern of eae some of which seems to 
be random. 


The White House has directed, through USIB, that intensive in- 
vestigative research be conducted within the State Department, CIA and 
DOD to attempt to determine what the threat is. The National Program 
has been coordinated by the State Department, under code name, "TUMS." 
ARPA is represented and is conducting research on a selective portion 
of the overall program concerned with one of the potential threats, 
that of the effects of low level electromagnetic radiation on man. 
This memorandum summarizes the initial test results obtained from this 
program called PANDORA. 


II. SUMMARY 


The most important results obtained to date, after 20 days (not 
continuous) of radiation of a primate at 5 milliwatts/cm® with a simu- 
lated Moscow Signal, have been two repetitive, complete slowdowns and 
stoppages of the monkey in carrying out his test work functions. The 
monkey normally works 10 hrs/day, 7 days week. At stoppage, the data 
strongly suzzests the monkey went into deep sleep. The second break- 
down occurred sooner than the first, suggesting that pre-stressing due 
to the radiation environment had occurred. There is no question that pene- 
tration of the central nervous system has been achieved, either directly or 
indirectly into that portion of the brain concerned with the changes in 
the work functions and the effects observed. 
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Events leading to these breakdowns were as follows: On the 12th 
day of radiation (10 hrs/day), a definite slowdown was recorded in the 
monkey's ability to time his work functions. On the 13th day of radia- 
tion, the monkey further degraded and finally stopped working. For the 
next two days of radiation, the monkey's condition remained unchanged - 
complete stoppage - at which time the radiation was terminated. Three 
days later (without radiation) the monkey returned to normal operation 
in his work functions. For five additional days (without radiation) 
the monkey maintained a nermal work pattern. Radiation was turned on 
after this period and after eight days of radiation slowdown in work 
functions was again recorded. On the 10th day of radiation, complete 
stonpage occurred. The stoppage continued for the next three days at 
which time radiation was terminated. The next two days of recordings, 
up +o 15 December 1966, reveal the monkey had not returned to normal. 


At all times when the monkey ceased to respond, the measured deep 
core temperature dropped 1.2 to 1.5°F from normal with a delay of 30 
to 60 minutes. It stayed at this level for the remainder of the 10 hr/ 
day. This data and direct observations on a TV monitor strongly suggest 
the monkey was in deep Sleep. Detailed results of tests contained in Ref l. 


Tit. STATUS 


Only one monkey has, so far, been tested. It cannot be stressed 
too strongly that, at this time, conclusions as to what may generally be 
expected cannot be drawn until at least another monkey has been sub- 
jected to the same sequence of radiation and normal environments, and has 
shown similar effects. 


T¥. PRESENT ARPA PROGRAM 


4. Repeat test on second monkey which will be instrumented to 
detect various body changes. 


B. Based cn these results, a new design of tests will be con- 
structed to determine the gross mechanisms invelved in producing the 
effect observed. 


Ve IMPLICATIONS 


The central nervous system of one monkey has been affected by low 
level microwave radiation. If tests on another monkey display similar 
results then: 


L. Attention must begiven to initiating a National Program 
to investigate thoroughly these effects, since only isolated investizga~ 
tions Have heretofore been carried on in the U.S. By contrast, the USSR 
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has had an intensive national prozram in this area for more than 10 years. 


2. The U.S. microwave radiation safety standards should be 
examined and overhauled to take account of the non-thermal damage poten- 
tial. 


3. The potential of exerting-a.degree of control on human 
behavior by low level microwave radiation mist b is investizated. 
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MEMORANDUM FOR DIRECTOR, DEFENSE RESEARCH & ENGINEERING 
SUBJECT: Project BIZARRE 


References: 1. Memorandum to Director, ARPA, from Deputy Director, 
Advanced Sensors, dated 15 December 1966, subject: 
Project PANDORA - Initial Test Results. (Top Secret) 


2. Memorandum for Record, signed by Deputy Director, 
Advanced Sensors, dated 20 December 1967, subject: 
Project PANDORA - Initial Test Results. (Top Secret) 


3. Memorandum for Director, R&E, from Deputy Director, 
Advanced Sensors, dated 28 June 1967, concerning 
© Projects PANDORA and BIZARRE, (Top Secret} 


4. CIA Memorandum for Deputy Director, R&D, dated 
13 September 1967, subject: Summary of TUMS Power 
Density Measurements - 13 September 1967. (Secret) 


5. Memorandum from AF Avionics Laboratory to Mr. Cesaro, 
dated 15 August 1967, subject: Power Level Measurements - 
TUMS Radiation. (Secret) 


SUMMARY 


l. The central nervous system of primates has been penetrated 
directly or indirectly by non-thermal modulated microwave radiation at 
power densify levels from 4.0 milliwatts per square centimeter down to 
1.0 mw/cm”™ {these levels are below present U. S. safety standards). 


2. At similar radiation power densities and non-modulated low 
microwave radiation the primates performed normally. 
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2 
3. The recent low level BIZARRE tests at .008, .05, .01 mw/cm 
power densities under modulated microwave radiation did not cause the 
primate to degrade in conducting his work tasks. 
4, The latest data collected on the Moscow data indicates energy 
densities no greater than .05 mw/cm” in the Moscow Signal 


DISCUSSION 


This memorandum is a progress report on Project BIZARRE. References 
1, 2, and 3 report in detail on the ARPA experimental results of primate 
tests in Project BIZARRE and related research and development. The 
tests so far have established that the central nervous system of primates 
was disrupted directly or indirectly after exposure to low level {non- 
thermal) 4-5 mw/cm* modulated "'S" band microwave radiation for periods 
between 10 and 19 days. When the primate tests were conducted at the 
same low level (4-5 mw/crm*) radiation, without modulation, the central 
nervous system was not disrupted for test periods up to 30 days as 
reflected by overt performance measurements (references 1 and 2). The 
electromagnetic frequency and modulation used for these preliminary 
tests simulated a portion of the ''Moscow Signal. '' The intent of the 
"Moscow Signal’ has not been established by the experiments conducted 

to date. 


New measurements with ARPA instrumentation of the ''Moscow Signal" on 

site has now been completed. These data of the 'Moscow Signal" cover 

a recorded bandwidth of 50 mc as opposed to the original bandwidth data 
recordings of 3 mc. Also, a partial mapping of the power density has 

been completed (references 4 and 5). A thorough analysis of this new 

signal data should now be undertaken to define the ''Moscow Signal" 
characteristics. No further "on-site" electromagnetic measurements aterm lor At. 
ar required. 


The latest data on power levels recorded in the Moscow Embassy were 
always below 50 microwatts/cm? (.05 mw/cm*). The recent BIZARRE 
tests have completed one experiment on primate behavior at power levels 
of .008, .05, .01, and 4.6 mw/cm*. These data showed no overt 
primate performance degradation at levels below 1.0 mw/cm*. It must 
be emphasized that these initial investigations were only concerned with 


the overt primate performance measurement. Information on other 
biological indicators such as EEG, EKG, genitic effects, anatomical 
abnormalities, neuro chemistries, or sophisticated blood chemistries 
(endocrine, steroid levels, chromasormal abberations, etc.) will be 
obtained in the next program phase of BIZARRE. 


The Soviets have reported in the open literature that humans subjected 
to low level (non-thermal) modulated microwave radiation, show adverse 
clinical and physiological effects. The experiments with modulated 
microwaves on primates conducted by ARPA show repeatable histories 
of measured degradation of primate performance under laboratory 
conditions. In the United States there have been no experiments with 
microwaves which directly relate primate performance with human 
behavior. In certain other types of experimental medicine (e.g., blood 
chemistry, drug screening, etc.) effects which show up on Rhesus 
monkeys bear a strong relationship to effects observed in humans. The 
ARPA BIZARRE program will establish methods which should permit 

us to relate the behavior of sub-human primates to man under conditions 
of microwave exposure. This may require direct testing with humans 
under controlled conditions. 


Serious impact of this research centers around the following general 
considerations: 


l. Hazards to humans from low level microwave radiation may 
exist below the present U. S. safety limits. These hazards must be 
carefully explored and established. Latent, long term effects on biological 
systems must be investigated. 


2. The ARPA test results have demonstrated the feasibility of 
causing adverse biological effects on the central nervous system of 
primates. The potential of exerting a degree of control on human 
behavior by low level selectively modulated microwave radiation should 
be investigated for potential weapon applications. 


Ric 
Acting Director 
Advanced Sensors 


January 2, 1969 


THIS DOCUMENT HAS BEEN DUWNGRADED: 
MEMORANDUM TO: Mr. R. S, Cesaro, ARPA Woe es OCT} ae 
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SUBJECT: Report of Visit to U,S.S. Saratoga, December 31, 1968 it 


1. The visit to the Aircraft Carrier Saratoga was accomplished 


on December 31, 1968. The personnel were most cordial and cooperative. 


2. The Chief Medical Officer is an alert, well informed, and 
effective physician, We discussed the possibility of a retrospective 
study of the health records of deck personnel as compared to other 
groups of sailors, 


3, The engine room crew, because of constant exposure to high 
temperatures, have 4 specialized series of complaints that make it 
difficult to evaluate their health against deck crews. Sailors in 
the supply division would serve as better controls, 


4, The medical records while adequate for the routine health 
supervision may not be complete enough for our purposes. Commander 
Pratt, the C.M.0. of the Saratoga,has offered to try to get a 
comparison of sick call rates between deck crews and other divisions 


and to list the frequency of various complaints or presenting symptoms, 


5. The Operations Officer in charge of radar pointed out that the 
"lookouts" are in the direct line of sight of the search radars for 
four hours at a time. These men are selected from the gunnery crews, 


6, The executive officer speaking for the Captain expressed their 
interest in the problems and will extend all help if the CNO or 
CINCATLAN approves 4 request to have two observers aboard the 
Saratoga to get base line readings on selected members of the crew, 
The carrier is scheduled for a training cruise in the Carribean for 
February and it was suggested that the last part of that month would 


be most convenient for them. 
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7, %Jt is suggested that a protocol be developed for the purpose of 
making measurements of "vigilance" reactions on selected members of 
the crew, These measurements will be repeated on the same people 
after several months of operational activities. It should be pointed 
out that the Sargtoga has just undergone extensive rehabilitation and 
has been tied to the docks for one year, Hence none of the ship's 
complement have had any exposure to micro-waves during this time. 

The subjects selected for the study should be divided into two 
groups: a, veteran members of the crew whose duties allowed them 

to be radiated by the micro-waves and b, new recruits with no history 
of previous exposure to micro-waves. A log will be kept of the duty 
stations and hours of the selected subjects, 


HP/nr 


PUNCLASSIFIED* 


DARFH- is ae, January 14, 19693 
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'EMORANDUM TO: Mr. R. S. Cesaro, ARPA 
TROM: TDA Review Panel 


SUBJECT: -{ Flash Report of Pandora/Bizarre Briefing (S) 


(S) In response to a request from Advanced Research Projects 
Agency (ARPA), a special panel was convened by the Institute for 
Defense Analyses (IDA) to review the research techniques, results 
to-date, and to make recommendations for the future of the Pandora/ 
Bizarre program, 

(S) The IDA Panel personnel were as follows: 

. kLysle H. Peterson, M.D., (Chairman) Univ, of Pennsylvania 
Joseph E. Barmack, PhD, C.C.N.Y. 
. Joseph F. Kubis, PhD, Fordham University, N.Y. 
. BG Frederic J. Hughes, M.C., Walter Reed Gen. Hospital 
5. Herbert Pollack, M.B,, Institute for Defense Analyses 
(S) Observers present were 
1, Richard S, Cesaro, OSD/ARPA/AS 
2. James P, Deck, Colonel, Wright Patterson AFB, AFAL 
3, Daniel J. Sullivan, OSD/ARPA/AS 
(S} The briefings were presented by 
Col. J. Brady, M.S.C. - WRAIR 
Maj. J. Sharp, M.S.C. ~ WRAIR 
Capt. MeIiwain, M.C. - WRAIR 
Mark Grove, AF Avionics Lab - WPAFB 

(S) The panel met at 6900 on Priday, December 20, 1968, in the 
Forest Glen Annex of the Walter Reed Army Hospital. All persons 
present who had not done so previously signed the Pandora/Bizarre 
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clearance forms. Briefings and an inspection of the physical 
plant lasted until 1230, The panel and the briefing team drove 
to the Institute for Defense Analyses where they reconvened at 
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ours, Further discussions were carried on until 1500 hours, 
when the panel thanked the briefing team and went into executive 


session, 


(S) The terms of referencefor the review panel as presented by 
Mr, Cesaro called for an initial flash report based upon the brief- 
ings of the day. Mr. Cesaro indicated that he expected the panel 
to operate on a continuing basis until the project was completed. 
It is expected that the panel would be enlarged in the near future 
as soon as clearance procedures permitted, 


(S) The flash report was to be the response to the following 
questions posed by Mr. Cesaro: 


i. Does the panel consider the research procedures reported 
at this briefing scientifically sound and capable of supplying the 
data required to satisfy the stated objectives? 


2. Does the evidence presented support the stated deductions 


conclusions? 


3, What future plans and procedures should be adopted in view 
of the findingsto-date? 


4, Does the panel consider it necessary to develop a "real 
time" data processing technique to facilitate the identification of 
those components of the "synthetic signal" which are responsible 
for the observed biological effects? 


5. Does the panel wish to express an opinion as to the mecha- 
nism of the action of the electromagnetic radiation on the intact 


animal? 


(S$) The panel was unanimous in its opinion that the use of multi- 
schedule programs for operantly conditioned monkeys was a sound and 
acceptable technique to assess degradation or acceleration of work 
patterns, That the monkeys exposed to the specific "synthetic 
Moscow signal"in field strengths from 1 mw /om* up to 4.6 mw/om 
showed degradation of work performance after l0-hours-a-day exposure 
for from 11 days to 21 days. This degradation in performance may 
be regarded as a "vigilance function degradation." The effects 


dence that repeated series of exposures sensitizes the animal and 


shortens the latent period before signs of vigilance degradation 


“ 


appear. 


CS) The WRATR investigators attempted to develop techniques with 
more rapid response’ times in the hopes of being able to facilitate 
the identification of the elements of the synthetic signal respon- 
sible for the bio-medical effects. These took two directions, 

One was a study of alteration in reaction time response in the 
primates after exposure to the micro-waves. The other was to implant 
a series of specially designed electrodes into specific areas of the 
brains of monkeys and to record the electro encephalographic changes 
before and after radiation, 


(S) The studies on reaction times are inconclusive to-date, More 
data would be needed to express an opinion as to whether this ap- 
proach should be pursued further or discarded. 


(S) The E.E.G. approach has been carried out in association with 
The Brain Research Institute at the U.C.L.A. School of Medicine, 
The problem of artifacts and analysis of wave forms makes interpre- 
tation difficult. Further work in this area should be supported. 
To do this effectively, the analysis of the E.E.G. recordings should 
be on a "real time" or approximately "on line" analysis. This will 
require a computer availability and capability. The computer may 
be an in-house special purpose one, or a connection with a central 
computer programmed for this analysis. A cost effectiveness assess- 
ment of the alternatives should be helpful in the decision. 


(S$) The panel was of the cpinion that the help of Dr, John Tukey 
of Princeton should be obtained. He is considered an outstanding 


expert in the field of wave form analysis, 


(S) The WRAIR research workers presented two additional facets of 
the work, These were attempts to determine if there were any de- 
tectable morphological changes in the tissues. One effort was di- 
rected toward a study of the chromosomes of the circulating blood. 
The two animals studied to-date were reported as showing no changes. 
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This phase should number of animals 
have been studied to give positive assurance that the non-ionizing 
radiation does not have any effect on chromosomes, The other was 

the histo pathological studies of the central nervous system tissues 
taken from animals that had been radiated, This study is being 
carried out at Tulane under contract. At the time of this briefing 
only one monkey brain had been studied. The contractor had reported 
that this brain was "different” from the controls. (The study is 

a blind one to avoid prejudice.) In view of the suggestive but in- 
adequate evidence, additional effort must be made to further this 


aspect of the program, 


(S) The panel recognizes that Col. Brady is a professional leader 
in the field of animal benavior studies and has added substantially 


to the credibility of the work. 


) The response to Question #3 takes into consideration the total 

©... including the animal findings as presented, and the time 
and cost element in extending animal studies to provide a more com- 
plete spectrum of response, In the absence of significant adverse 
findings in the chromosomal and histo pathological studies mentioned 
above, the future course of action must include a study of human 
response to non-lionizing radiation in low level fields and with the 
specific modulations employed in the primate exposure tests, Animal 
studies are only able to provide a limited spectrum of responses. 
The human with his ability to describe subjective changes can ex- 
tend the response gradient through the levels: 

a, Feelings, attitudes, fatigue, moods, etc, 

b. Health, physical and mental 

c, Performance and stamina 
The animal studies are focused on c. but may include b,; they cannot 


measure 4a, 


(S) Over a period of years humans have been exposed to micro-wave 
one at much higher field strengths than are proposed in this 
work, The U.S. personnel in the Moscow Embassy have been exposed 
to the micro-wave signal over a period of many years. The panel 
were not given any evidence of impaired health of these people. 
wie Fs eos z. re 
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é.. A protocol shold be-developed with the following objectives: 
1. To determine the immediate or short time effects on humans 


of the synthetic Moscow..signal in use at W,R.,A.I,R. on the three 
aspects mentioned above; This should be given a high priority. 


2, To provide fér follow-up observations of the subjects. 


3. The study should contribute to the understanding of the 
effects of micro-wave radiation on man in general as well as the 
specific Moscow signal. 


($} The protocol should be developed by the responsible group. 
This panel will stand ready to review the proposed protocol and 
offer such advice as they see indicated when asked to do so, 


(S) It is suggested that the program provide for: 
a. Biochemical laboratory analysis of blood and urine for a 
variety of substances including steroids, enzymes, trace metals, 


tc, 
@ b, Cardiovascular evaluation such as E,C,G,, blood pressure, 
etc, 
ec, Chromosomal studies of lymphocytes cells 
d. Appropriately sensitive and reliable studies on behavior 


(S) Subjects selected should be normal, healthy, young male adults, 
Exposure periods should be at least 90 days unless significant 
changes occur earlier. Subjects should be divided into 3 groups: 


1, Controls 
2. Subjects with a history of exposure to micro-waves 
3, Subjects with no previous exposure to micro-waves 


(S) The panel at this time has no basis upon which to suggest the 


mechanism involved. 


(S) It is recognized that the findings to-date were presented to 
the panel in an orientative way and the format of the presentation 
was qualitative. The panel suggests that the data be prepared in a 
7] statistical format for better scientific evaluation, The panel 
would like the opportunity to examine the data in depth. 
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SARATOGA REPORT 


Presents the rationale, results and recommendations af the Saratoga 
Study. 


APPENDIX A 


Issues in this report prepared by Dr. Kubis were presented verbally in 
a meeting (2-18-69) at Walter Reed Hospital called by Mr. Cesaro. 


APPENDIX B 


@& The reduced data and analytic summaries were prepared by Captain James 
P, Flanders with the assistance of Ensign loren Appelbaum and Captain J, Ronald 
Gentile. Methods of scoring, reducing, and analyzing the data were established 
in meetings (2-20 and 2~2h-69) held by Dr, Kubis at Walter Reed Hospital (Forest 
Glen). ‘The analytic summaries and other data necessary for completing the Saratoga 
report were received by Dr. Kubis on March 18, April 2, and April 15, 1969. 
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1. To determine if seamen, grouped according to amount of exposure 
experienced during work schedules, would differ in performance on a 
broad battery of cognitive, sensory~perceptual, and psychomotor tests. 

2. To provide baseline performance data for seamen under dockside and at-sea 
conditions. 

3. To establish the reliability of the measures used under the ordinary 


working conditions of a seaman, 


RATIONALE 

e@ It was anticipated that sailors working on the Flight Deck would receive more 
exposure than sailors working below deck (specifically, the Hangar Deck). Though 
differing in exposure, these two groups are relatively equivalent in terms of work 
loads and work schedules » and could be made equivalent on a mimber of background 


variables such as age, education, and general ability. 


Lockouts at the 09 Deck Level were considered to be highly exposed. On the 
basis of conversations with the personnel in the 6 and OF groups, both involved 
in lookout operations, the former (CS) was judged to be more exposed than the 
latter (OI). Sailors from the hth Division were selected as a control for both 
the CS and OI greups. These sailors had no exposure = sort experienced at the 
O9 Deck Level, but their work duties were similar te those of the CS and OI groups. 


Tree sets of analyses ware suggested: (1) to evaluate the differences in 
test performance between the Plight Deck (exposed) and soe hal oer (non~ Sie 
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among the CS, O1, and lth 


a “ : : : * te cpiner 7 ere 
exposed) crew; (2) to evaluate the differences 


Division groups, which represent a gradient of exposure from maximal to minimal; 
(3) to evaluate the test performance of the CS, OI, and lth Division groups 
imnsdiately after a work assignment, Since each of these groups were to be tested 
during a non-work (i.e. non-exposed) period, the retesting immediately following 
@ work assignment (during which the CS and OI groups are subject to exposure) 
would test for immediate exposure effects. 


FUNCTIONS MEASURED ~~ TESTS USED 
A broad spectrum of human functions was selected on the basis of potential 
sensitivity to the exposure conditions anticipated aboard the Saratoga, These 


are categorized below. 


A. Psychomotor 


1. Choice Reaction Time 
(Lafayette device) 


2. Rotary Pursuit 
{Lafayette photoelectric apparatus) 


B. Sensory-Perceptual 


1. Visual Acuity (Far and Near) 
(Vision Tester - Titsms) 


2. Vertical and Lateral Imbalance 
(Vision Tester - Titmus) 


3. Stereo-Depth 
(Vision Tester - Titame) 


h. Coler Weakness 
(Vision Tester - Titms) 


5S. Flicker Pusion 
(Lafayette apparatus) 


Cc. Cognitive 


1. Word Fluency 
(Word Endings Test) 
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a 2, Number Facility sas 
(Addition Test) 


3. Memory 
(Auditory Number Span Test) 


4. Speed of Closure 
(Concealed Words Test) 


5. Perceptual Speed 
(Mumber Comparison Test) 
(Identical Picture Test) 
In addition, a hand dynamometer was used to test hand grip. This test pro- 
vided superficial face validity to a procedure which, in its directions, 


emphasized "fatigue" as an important factor under study (cf. Appendix A). 


SUBJECTS 

Subjects were selected for membership in each of the experimental and 
control groups on the basis of educational level, prior test performance, and 
time remaining in service. 

The minimua educational requirement was completion of the 12th grade. Ina 
few instances a 12th grade equivalency diploma was substituted for the high school 
graduate requirement. 

Prior testing on the GCT and ARI provided an added check on the educational 
criterion. A combined score of 95 on these two tests was the cut-off score, with 
neither the GCT nor ARI below 5. The educational requirement and the test criterion 
filtered out those subjects who would have difficulty in reading or understanding 
the directions in the experimental test battery. 

Finally, no seaman was selected who was due to leave the service in less than 
12 months. This criterion made it possible to retest subjects after an extended 


tour of duty and, therefore, after extended axposure. 
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The conditions under which the testa were administered are described in 
Appendix A. 


STATISTICAL CONSIDERATIONS 

The data were considered to meet the requirements of classical tests of 
Significance, Analyses of variance of single and mltiple classification and 
repeated measures designs were utilized. Pearson product-moment correlation 
coefficients were used to estimate test-retest reliability. 


RESULTS 
As indicated in the sunmary table of Appendix B, the statistical analysis 

presents a picture of overall insignificance. The few significant results (test~ 

retest situation) present no meaningful pattern. 

@ In particular 

1. There are no meaningfully significant differences between the test 
performances of the Flight Deck and the Hangar Deck crews. The ons 
Significant difference is in the Reaction Time score which lacks 
adequate reliability. 

2. There are no significant differences in performance among the Lookout 
groups: CS, OI, and lth Division, 

3, There are no significant differences in performance among the Lookout 
groups when tested immediately after a work (exposure) session. 

kh, The reliability of most of the test instruments proved to be adequate 
for the conditions under which they were used. Reaction Time measures, 
however, were unreliable. Memory Span appears to be an inadequate as 

& well as an unreliable measure of the menory function. Word Endings, 
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Far Acuity (Both eyes), and Flicker Fusion have yielded reliabilities 
lower than expected. 


CONCLUSIONS 
1. Wo exposure effect was demonstrated. 
2. Reliability is adequate for most test measures. 


DISCUSS ION 

In view of the short period of exposure during the sea trials of the Saratoga, 
the Flight Deck, the CS, and the OI groups were not expected to diffe signi- 
ficantly in test performance from their control groups, Consequently the 
obtained results, which indicated.general non-significance, were not surprising. 

However, upon careful check, considerable doubt now exists as to whether any 
exposure differences (as assumed by prior considerations) actually existed aboard 
the Saratoga during the sea trials. In view of the strong probability for this 
position, the obtained negative results tend to generate confidence in the adequacy 
of the test procedures and the care with which the criteria of selection were 
applied. 

The adequate reliability of most test measures obtained during the ordinary 
work day of the seaman and under actual operating conditions (eg. ambient noise, 
vibration, and motion aboard a ship in restless seas) gives further confidence 


in the use of such test procedures aboard vessels during routine sea operations. 


RECOMMENDATIONS 
1. Reaction Time, Memory Span, Far Acuity, Word Endings, and Flicker Fusion 
should be reexamined and appropriately modified to meet higher reliability 
2. An ongoing search program should be undertaken to identify behavioral 
functions potentially susceptible to the exposures alluded to in this study. 
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d. 


they produce exposure of sufficient intensity 


the exposure intensities can be monitored ao as to provide a 
record of any changes in rate of exposure 


a sufficient mumber of subjects are subjected to the exposure 
intensity 


a measure of subject~exposure-time can be developed. 


In view of the difficulties experienced in this study relative to the 


use of external electric power (cf. Appendix A), instruments for the 


evaluation of psychomotor functions should be supplied with independent 


power sources where feasible. 
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I. PREPARATORY STAGE 
A. Selection of Abilities to be Tested 


Aiming . Speed of Closure 
Depth-Perception Static Strength 
Memory Span Visual Acuity 
Perceptual Speed Word Fluency 


Response Orientation 
B. Contracted Services with BioTechnology Inc. 
1. To obtain tests 
2. To duplicate test materials 
3. To prepare direction and recording forms 
. To train a field team in the use of tne test battery 
C. Training Program 


1. At BiloTechnology Inc. 
2. 1-23-69 through 1-24-69 


_ D. Personnel 
1. Preparatory Stage 


Dr. Joseph V. Brady Ir. Joseph F. Kubis 
Or. Thomas W. Frazier Dr. Herbert Pollack 


2. ‘training Stage 
ENS, Loren Appelbaum Dr. Joseph F, Kubis 
OPT. James P. Flanders CDR. Thomas J. Sullivan 
Cpt. J. Ronald Gentile 
BE. Directions and Questionnaire 


Confer Appendix 


il. THSTL: STAGS 
A. un Board ~ Dockside ( 1+27-69 through 1-30-69) 


1. Facilities 


7 . 
e 


b. Later, because of blood work and TB examinations, 
testing was conducted in the Isolation Ward and the 
Quiet Room 


® : a. Initially, Ward 2 and the Quiet Room 
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a. ENS Appelbaum, GPT Flanders, and CPT Gentile -- testing 
b. CDR Sullivan <- liaison and scheduling 
¢. Dr. Kubis -- liaison, personnel records analysis, 
coordination 


3. Work Completed 
67 individuals were tested 
B. On Board - At Sea (1-31-69 to 2-10-69) 
1. Facilities 
a. Initially, the Isolation Ward and the Quiet Room 
b. Later, because an active case of TB had to be isolated, 
testing was limited to the Quiet Room 
2. Personnel and Duties 
a. ENS Appelbaum and R. Deimel -- testing 
b. Dr. Kubis ~- liaison, scheduling, and coordination 
c. (Note: R. Deimel was trained in test procedure 
by ENS Appelbaum. } 
3. Work Completed* 
a. 92 nersons were tested 
b. 7 of these were retests 
i, to obtain a reliability estimate 
ii.to evaluate the effects of watch or lookout duty 
* To be rechecked during reduction and analvsis of data 
GC. Acknowledgments 
To CDR H. Pratt for outstanding cooperation and help in 
providing testing and living space; and for laying the 
groundwork for the genuine acceptance of the project. 
To CDR T. Sullivan for outstanding cooperation in keeping the 
testing vrogram moving smoothly and for providing Robert W. 
Deimel as psychometrist for testing at sea. 


To ENS Appelbaum, R. Deimel, CP Flanders, and CPT Gentile for 
enthusiastic devotion to the demands of arguous duty. 


To all officers and to the men who were tested for their 
wholehearted participation in the progran. 
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1. Noise level -- since continuous, probably not a critical 
factor 


2. Occasional announcements over public-address system 
3. General quarters 

h. Occasional intrusion into testing room 

5. Variable line power 


6. Breakdown in the controls on the timer for the rotary 
pursuit and reaction time apparatus 


Resolution of Problems 


1. Data influenced by extraneous and undesired intrusions 
will be analyzed separately. 


2. The apnaratus for the rotary pursuit and reaction tine tests 
was to be returned to BioTechnology for repair. These units 
were removed from the Saratoga, January 30, 1969, by CPT 
Flanders and CPT Gentile. 


Disposition of Apparatus and Test Material 


All remaining apparatus and test materials were to be removed 
from the Saratoga, Monday Feb. 10, 19%9, by ENS Appelbaum and 
R. Deimel, to be returned to Dr. T. Frazier. Apparatus 
should be rechecked by BioTechnology. 


III. R&COMENDATIONS 


A. 


All apparatus to be rechecked and recalibrated, if necessary, 
before any additional testing is to be done. This task should 
be referred to BioTechnology. 


Scoring of tests. Since "local" problems can be best interpreted 
by the men who did the testing and since there are not too many 
tests involved, it might be most economical to have ENS Aprelbaun, 
R. Deimel, CPT Flanders, and CPT Gentile do the scoring or to 
closely supervise it. Recording format should be compatible with 
card punching requirements. 


Reduction and eae of Results. Some preliminary analysis 

s e comple ore further retesting is undertaken. 

The first phase of the retesting should be scheduled sometime 
within the period of April 15 to April 30, 1969 during which 
the Saratoga will presumably be in Mayport. It is recommended 
that the personnel involved in the Dockside testing in Philadel- 
phia conduct the testing at Mayport. 


Blood on a limited sample should again be taken at Mayport 
during the April 15-30 period. > syNCLASSIF FED® 
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The problem of variable power on the Saratoga in relation to 


the rotary pursuit and reaction time tests should be discussed 
with BioTechnology Ince. 


JFK. fe! (2=18-69) 
Walter Reed Hospital 
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GENERAL INSTRUCTIONS 


When men are tired, sleepy, or work under heavy stress loads, 


their performance usually suffers and they tend to make more errors. 


We want to measure how human efficiency is affected by long 


working hours, hard work, and different work-rest schedules. 


We will do this by giving you a mumber of tasks and activities 


that will involve sensory, perceptual, and motor functions. 
Accuracy and time will be measured. 


& Hake sure you understand the instructions before you begin. 


Instructions for each task will be given by the examiners. 


the results of these tests will have no bearing on your naval 


career and will not become a part of your service record, 


‘thank you for your cooperation. 
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1. How tired do you feel? 


Very ____—_s« Moderately Slightly __s«éNot at all 
2. How sleepy do you feel? 

Very _s—s«éModerrately Slightly «Not at all 
3. How long did you sleep? hours 
h, When did you awake? AM (PM) 


5. What activity were you engaged in just before coming here for testing? 


6. How long were you involved in this activity? hours 
7. Have you ever worked around X-ray machines? 


8. Have you had any X-ray examinations in the last year? 


If so, was it Stomach 


9, Are you taking any drugs regularly? 
which? 


10. Are you taking aspirin? 


How mich? How often? 
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Name Date 
Service No, Time 
Rate Examiner 
Division 


Critical Flicker Frequency {in flashes per second) 
1A 21D 3A 4D oA 


61D 7A 8D 9A 10D 


Choice Reaction Time (practice 3 each color) (in milliseconds) 


ced 


iR 2B 3B 4G of 


neta cette 


OCs 78 8G OR 


Rotary Pursuit Test (30-second trials) (time on target in seconds) 


i, a. 3. 4, 5. 


Grip Strength (kilograms) 
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Comments: 
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APPENDIX C Page Ci 
Field Traversing Mechanism * 


The field traversing mechanism used to evaluate the anechoic 
chamber is shown in figure Cl. It is capable of moving the probe antenna 
(either the dipole or the standard gain horn) in azimuth and in elevation 
a distance of + 2.5' from the center at variable speeds, The entire 
mechanism was moved manually along the transmission length of the chamber 
during the evaluation. 

Incorporated in the mechanism are voltage readouts proportional 
to the distance {in both azimuth and elevation) which are used to drive an 
X-¥ recorder. Also included are syncro position indicators on the vemeee 
control panel. Limit switches at the azimuth and elevation extremes set 
the motor brake until the movement direction is reversed. Figure C3 is a 
wiring diagram of the mechanism and its control panel. 

The "mast" igs readily removable for ease in transportation and 

@ «2:2. For the ‘sample container"! measurements, the mast and its “super 
structure", and the entire elevation drive mechanismwere removed, and an 
absorber pedestal was placed on the movable azimuth base. . The sample con- 
tainer was placed on this abserber pedestal and moved +2.0 feet in azimuth 
behind the fixed dipole monitor. During all measurements, the exposed super- 
structure is absorber Lined, 


Figure C2 is the wiring diagram for the Field Traversing Mechanism. 
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- 2 MINUTES OF PANDORA MEETING OF JANUARY 17, 1969 


Meeting Convened: 0945 _ a baa cand 
SPS—_ IDA Rn. Now: 10KS 4 4 gee 


Present a.m. and p.m.: 


Science Advisory Committee Walter Reed Army Institute of Research 
General Frederic J. Hughes, vr. Colonel Joseph V. Brady mu 
Dr. Joseph F. Kubis — Dr. Thomas W. Frazier , a 


». Lysle H. Peterson, Chairman - Major ee C, Sharp ee ie 
Dr. Herbert Pollack . ae 
‘ Dr. Joseph E. Barmack absent due to illness a es 
ey Mr. H. Mark Grove, Wright-Patterson AFB ~ oe 7 
- 2° Commander Hugh S. Pratt, MC, USN as 
a (C,M.D, USS Saratoga) 
; Rear Admiral Frank ORAS uC, oan 


* ’ 


» Present Dom, “ only: - _ ee a aoe ‘ ais 


Dr. Joseph M. Aein, IDA : ; mae Os Me Bina Ghgenee, oe: 
Mr. Richard $. Cesaro, OSD/ARPA/AS - ee? yee 
Dr. James T. McTlwain, MC, USA, WRAIR , rc er 
Mr, A. Rubenstein, OSD/ARPA/AS SEE ea ot 


oe Dr. Pollack reviewed nensidevactans relative to the USN-ARPA 
study to be carried out aboard the USS Saratoga currently in 
Philadelphia Naval Yard in pecparaticn to join fleet cs a 

. tions, 7 ; : hc - Nes 


2. Rear Admiral Voris and Commander Pratt commented on opererionat 2 
Tete Roni ceneerons of the study from money ‘point of view. te 


es Getnnel: Brady, Dr. Frazier, and Dr. sharp commented regarding 
t.3 Walter ‘Reed army Sconsidenar tone’. 


il Mr. Grove commented seganaine ptiysical measurements and en- 
“ - - - gineering considerations of es pia radar measurements and ote, 
i #.! monitoring. yea YS oh i ane At 28 ete 


“Summary of Discussions: 


cou Dr. Pollack reviewed need for definitive data on effects of 2. es 
radiation on physiological and psychological (particularly : 
“ behavioral) functions in man. Primary areas to be looked at 
* appeared to be (a) physiological, (i) formed blood elements, i.¢., 
Mm . genetic alterations, (1i) cardiovascular and (iii) neurological 
e: (b) psychological regarding task performance and group be- 
_- havior. Regarding general plan involved selecting a population 
of ship's crew subjected to shipboard radiation (radar) and to 


* 


até them with a group below decks and not exposed to radia- = 
“ay «. It appeared that plane handling crews on the hanger 
aecks and flight decks involved similar enough tasks and living 
conditions that comparisons could be made so as to reveal any 
major or gross difterences. Dr. Kubis and his team with the 
Support of Commander Pratt and his staff aboard ship would re- 
view the personnel records of the two crew populations and select 
from them appropriate groups. They would receive physical and 
psychological tests during the approximately two weeks that the 
ship was scheduled to be docked in Philadelphia. Repeat tests 
would be made at intervals while the ship was underway and at 
certain scheduled ports-of-call during the following six weeks, 
a specific protocol was to be developed. 


Discussion centered on selection criteria and upon what tests 
a be given to the Selected groups. ; . 


Physical examination (including a weheras physical venl 


ow en 


‘A 1, Blood specs for leucocyte genetic evolution — - 2a 
“2, Blood pressure and pulse rate (on arising and after work 
cycle) 


3. Discussion related to sending selected representation | 
to the Philadelphia Naval Hospital for EEG evaluations. 
Also, a "microneurological exam" was described which 
might be’ included Sie F vee Ge eee 


associates. Dr. Kubis indicated procedures would relate to cog- 
nitive, psychomotor, physical efficiency and sensory PEREEP ELEN 
eeetine: . 


; . Psychological examination was designed by Dr. Kubis and . 


Three phases to protocol: | , x "1 


e ne Dockside ~ two weeks 
ss II. Toward end of ten day shakedown 
‘y.' III. Three to six months later 


“aes 


"Meeting adjourned at 4; 30 p.m. on January £7, 1969. “ i Ee e 


Minutes respectfully submitted by Lysie plates, Chairman 
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Herbert Pan 


January 17, 1969 


The final results of the examination of the chromosomes 


obtained from the peripheral blood of 


one monkey, previously ir- 


radiated with the "Moscow signal" at a field strength of 4.6 mw /om* , 
indicate marked aberations in 40 percent of the cells, The tests 


are being repeated, 


iu Mi fakstend a 


is 
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Sey SUMMARY OF PANDORA MBETING 
JA uno: April 21, 1969 


de Detailed minutes attached. Same classification and instruc- 
renee pent ts a ar aaa? 


Il.. Meeting organized in “three parts: Geet 8 aes = 


ae Review of "Big Boys 
A.’ " purpose: Elucidate eiedats on man Be microwave 
“ ° padiation (radar) by comparing ship's crew groups 
“| «apparently exposed to radiation to groups protected 
a _ from radiation (below deck and remote stations). 


ee _ «Studies on USS Saratoga in two stages (i) dock side 
oe . in preparation for shakedown and (ii) saci aaa 
©. ee ame tes ee . be sig and operational. BL, 8s «Wak Sea! Ys 


ine " pindings: No significant see rensnas in ‘se piiog nal 
ere tests performed on the apparently exposed and control 
groups. Also, no apparently significant differences 
oe, ‘on genetic (leucocyte) and physical findings. Thus, 
reer - Studies generally proved negative. Detailed report cars: 
ett. ' due from Dr. Kubis. pe a eR Ee BR UO a Sa 


c.7 Radiation Findings: Detailed survey of on-board S me 
'. padiation levels revealed that levels were consider- : ; 
‘. ably lower than anticipated, i.e., iy most cases 

levels varied from 0,3 to 0,03 .mw/em* and in no case 
. greater than 1 mw/om?, Radars were operating 80 to — 
90 percent capacity. Bo” a gt hee aR ter de. 


” Summary and Conclusions To Date: “Saratoga study 

verified testing procedures and provided useful in- | 

‘formation for developing human radar-field testing. 

: However, PEpeiay were negaciVe since paaposures: were 
“wery low... 0 ss ; . = a 


ae 


2, “General aecussien. of ARPA aonereecs relative. to dio- eh ae 
medical effects of microwave: gs Se aes : ak pena 


ed aa 


oR 


AL. De: Brazies! studies of CNS tissue ‘exposed to micro 

.. wave vadiation reviewed. Recommendations: to we oe Bale as 
- 5. . 1 aeeelerate contractor's efforts as urgent and to : 
yee +, extend samples, Attempt to get reports from... 


FIT Sak contractor for inclusion in general report to 


panel as soon.as possible. 


Contract with Dr. Ross Adey reviewed, Recommenda- 
tions: Although Br, Adey's efforts bear on the 
general problem of the effects of radiation and 
fields on CNS functions, they are not directly 
contributory to priority ARPA questions. Since he 
is furnishing valuable BEG evaluation services as 


'well as contributing to the general field, it was 


suggested that he be encouragedto deal more directiy 


, with priority questions and also to continue support 


for present. As Walter Reed capability developes, 


_' if contractors interests tend away from ARPA in- 
terests, support should be phased out. 


- New England Institute for Medical Research (Dr. Heller) 


program regarded as not’ contributing directly to 


’ ARPA high priority question although the contractor 


has paper tsteies in the area. a ee 


ace 


Work at Milton Zaret Foundation attempting 65. con= 
‘firm or reproduce U, S, 8, R. Work. Review for 


information to panel. 


The Lilienfeld studies conducted several years ago 


: were reviewed, since a new proposal was being devel- 

- oped to extend the earlier studies. It was con- 

_ °* Qluded that, due to the size of the Baltimore area 
““ mongeloid population and incidence, the scope of the 


* 


“= study could probably not be increased by more. than 


50 percent. It was recommended that (i) scope not 
be extended beyond the Baltimore region, ¢@.g., 


- Washington area, (ii) that the program be regarded 
_a§ a multiphase effort and that Phase 1 should be 


. funded, If findings of Phase 1 indicated that 


“further studies would be promising, then later phases 


- “{ gould be considered for funding. Thus, proposal 
“+. Should include in-depth follow-up of original cases 
ee well. as new cases: uncovered, See detailed MIRUEES 


Studies of Dr. Dordano (Johns Hopkins), Dr. Sol 


__7° Snyder, and Dr. Justison were reviewed for informa- 


General Discussion 


Al 
" -were reviewed. High priority still assigned to 
“evaluating the significance of Moscow Signal and 


: Pica ae : ; : oes 7 ao 


Priorities of ARPA interests in the microwave 2 Held 


"“.. also, in the general context, the biomedical effects 


“of microwave radiation on humans such that mean- 
ng, — standards ean be set, 


Sota — ie) te 
o ase i” be 


. Pins as ou a 7 we 
me B,- 2b was ‘agreed that" there is at present “Insufficfent 
-*, “.. «5 evidence to draw conclusions. In answer to ques- 


*“ tions about whether or not other studies (aside 
. from those supported by ARPA) are likely to or have 
shed light on the problem, it was concluded that the 
only known study not included herein was that of , 
Dr. Jacobson (George Washington School of Medicine) 
on young women exposed to Moscow Signal. Findings 

- may indicate abnormal genetic activities in some of 

- + 1. the women. Significance is not established. There 
J: i of ..2 was general discussion of chromosomal aberrations. 


ae was ‘recommended that further studies pe developed: 


t Py 
%, 2 sees mot tee any id 
a : 


wie Reed Sacitity ‘and progran sdvancement be’ 


“human studies. ‘Suggestions for protocols were 


es and double-blind... Cae LPS Day 


Prograns. to ‘be ee to “pak advantage of 
: Land- ~based radar eiecelTactones 

te: was’ tp ecomiended: that the Walter Reed group prepare 
‘.and present a detailed review of the field, i.e., their 
~ activities with reports of their findings, protocols, 
:.ete., since projects were begun. Also, a review of 


:? Walter Reed oteorte ee well as any related ‘studies of © 
others in eee itt a 


“made, e.g., study include four men involved for — 
“Six to eight renee Serey.2 to es in Ey groups oe 


ae its causes. Of oe es Oe one Bae Se 


~encouraged, Extend animal studies and initiate. 


- pelative contract work supported by ARPA and related to 7 


Sey «DETAILED MINUTES OF PANDORA MEETING OF APRIL 21 1969 


dA Meeting Convened: 0930 


IDA Rm. No.: 105 


Present: ‘ ; 
Science Advisory Committee Walter Reed Army Institute of Research 
“Dr. Joseph E, Barmack Colonel Joseph V. Brady 
*Dr. H. Allen Ecker _ Dr, Thomas W. Frazier | 
General Frederic J. Hughes, Jr. . Mr. T. Daryl Hawkins ~ 
Dr.. Joseph F, Kubis ; Colonel Merrill ¢. Johnson 


Dr. Lysle H. Peterson, Chairman _ Major James T, McIlwain 
Dr. HEEBEEE Pollack ; BS a bo Ba eh ete 2 


‘a eee “vr, John FP. Collins (eno), usN 
omnes: ‘Mr. H, Mark Grove, Wright-Patterson AFB 
Mr. Albert Rubenstein, ARPA 


| a “" . Mp. Harris B, Stone (CNO), USN | . , 
*Piree Attendance , oe Oe 


Dr, Pollack reviewed events since previous meeting. He 
noted the formation and meeting of a new committee (ERMAC**) 
from the Office of Emergency Planning and chaired by Gen- 
eral James D. O'Connell to consider microwave radiation. 
This panel resulted from legislation setting HEW as the. . 
-responsible agent for microwave radiation health considera- 
tions. He also noted that a document had appeared by 

- Mr. Rexford Daniels under contract to the Office of Tele- 
communications Management. This document has been classi- 
fied. He then noted that "Big Boy" shipboard exercize had 


been completed insofar as the dock-side and shakedown cruise Es 


activities aboard the Saratoga. Dr. Kubis would be sub- 
mace ing a report of activities and findings to Gane. 


Dr. Kubis reviewed "Big Boy" objectives and ‘events to 


date: . es Bee aie 


A, Objective: To Scud certain behavioral aid physical 
os functions of selected crew aboard the Saratoga in 
i order to ascertain effects of microwave radiation 
@ aoe on man regarding shedding light on effects of 
’ Moscow Signal, i.e., nonthermal effects = any) 
of radiation of radar pega: 


dvisor esonets 


= *“E J ectromaqnetic Radiation. 


* ° Detailed Minutes of ae 
Pandora Meeting of 4/21/69 


@~ 2 aul. Gy are 


rs 


B. Procedures — ee ne 


1. Three groups of ship" Ss crew were selected: 


a). Plight deck crew Ceight in number. 
ee " Highest levels of exposure i aca 


sver ¥ >) Hangared deck crew aie in rupee) 
ne ee, "Low. levels a suo A ie od 

ae - ipo aue crews eight in number ) een 
so . - ; en eos 


_ Dock=side control tests conducted “from Jan. 97. va 
. ? through Jan. 30, 1969. Pive-man team under . ee ek 
“ Kubis with excellent cooperation of naval 2 00° 2 3s 
. medical personnel, (Details will. be included ; 
“lin-Dr., Kubis' report.) Batteries of tests ee eee”. Se 
included performance (e.g., aiming, depth.- - 
- perception, ete.) and written procedures. .* aan ae! 
eek pare tiie peter exams were given. WP. 


-“Seagoing ‘tests were performed “while Hanae was ~ 
2 Sander way for shakedown cruise Jan. 30, ner 
, Phrough est 10, 1969. fe 


Low ett er oo 


Summary: sin sece ‘tests were  penromied: in 
‘ three days at dock-side, and ninety-two tests 
‘were performed at sea. Forty-seven tests--° .-. eee 
ae represented retesting of control material, es ee 
ve There were a number of disturbances Pesaeding 
Shipboard routine, etc.,-¢.g., high noise levels, = 2). 
« PeA system interrupted activities in "quiet. =. Jy 
room," general quarters, intrusions into test Pe ee 
‘areas due to routines, variable line voltage Ree 
-which affected equipment.’ Three dock-side test. ae 
‘s.. days conducted by five-man team; ‘eight sea* Rea 

-_;test-days conducted by three-man team. It WAS - 
-pegarded by Dr. Kubis that the testing was 


satisfactory and 


Sone . ae some 


att 


Bindings: - Carita 
in the: dock-side 


--not significant. 


that the interruptions were - 
Most test procedures were. 
were eee (greater shan. Qo. he 


SR 
oe es 


ware no ‘ significant Gitbonenccs 
tests, i.¢e., among groups, 


JJ. and there were no significant differences among. 
“. s-groups.in the under-way tests, i.e., about - 
550° percent showed some increases in performance 


“It was recommended that isolated power supply 
“for instrumentation be developed if further work °: 
~is to: erate aboard ee ¥ Sirk oe 


“seores.and about 50 percent showed some decreases, . _ 


few /om? . 


' 195 Dorsett TAR 
2 1S 


A Meeting of 4/21/69 


rT 3 


Mr. Mark Grove reviewed the measurements and monitoring war 


ef 
4 Rd 543 


Be 
ae - 
cy tar4 te 


of shipboard radar levels. The ship was swept re two srw) — wre 1 
radiation sources, i.e., SPS-30 (S-band radar) and SPS~43 08 

(WHF) search radar. It was expected\from a naval electronics 

lab report that there might be greaten than 10 mw/om on at a Tey 


least 80 percent of the surface of the 


deck (data from destroyers). te Zz 


Mr. Grove and Dr, Kubis were on ship at ‘the same time but worked aad 
chenntS0er bridge Are S- fend) from island <Q bow, 9 decks. 
i take, 
indings: In no case did penaueed levels, exceed Boon? 


Ranges of findings were in most cases less than 
It was noted that verbal reports from shtpboard en- @.cOS 


to 0.03: 


—— 
with a operations at 80 to 90 percent of aie 8 rate, btn cele 
3 


gineers, i.@., engineering center and ship's hazards group, had + 
: indicated these findings. It was suggested that such reports 2 j 


sc been made to. the SEC.” 
Ss Discus sion: 


“ ofits . t 7 
ae 13% 


-. sidered that lead shielding was adequate. 


| 
| 
I 
| 
| 
| 
independently. Used RAMCORE dosimeter, HP power meter with a4 
| 
| 
: 
| 
{ 


Aircraft’ ada and HERO Sifeees.. were dxedaeea 


- Mr, Rubenstein indicated that there were several 
_. appropriate as study sites. 


Blood ‘studies from Saratoga crew were  ecussad: 
_ «. Colonel Johnson reported that twenty-one samples 
--; were recovered at San Juan. Seventeen successful 
- cultures: obtained with 288 spreads photographed. 


Cover atany considered appropriate and work well 
(Robert Stone). a . Le ae 
Effects an indications were insignificant. 


Radiation “tron radar generators considered, diel, 
50 to 100 KV X-ray generation from tubes. Con-. 


A 


excellent land-based radar sites which mage be 


ate : 


‘These were coded for double-blind studies. Code kp, 


not yet revealed, Although two abnormalities were 


“ ‘: found, : they were megane? as in normal range. vi) be, 
a cae | eS 


” ¢ . ag 
Several Siesiesieas of genetic aberrations of Leuco- nee 1. 
a eyee nuclei covered several areas: 


{ . oe vier, a eet : Tae 


“ay Colonel Brady's three iokeus exposed to date Ss : 
S 


“at Walter Reed (thirty days) to special signals 
‘One of these was the initial one showing 
‘abnormal chromosomal changes. Plan now is to os ee 


ae hee get samples during exposure and with PerGeR : =¢ 
Besta of an mais. Sas she 


ae Meceing ae 423/69 


en” a ee 
al iy Dr. Pollack recseead the studies of Dr. Tacobeon 
a8 at George Washington University who has studied 
“ young women returning from embassy in Moscow. 
(State Dept, contract). One hundred forty blood 
_ Samples were examined over a four-year period 
_ of time. These specimens were identified only 
“by code numbers. Four of these reportedly 
ee a snoRed serious chromosomal abnormalities. — 
Mgt \:-Colonel Johnson reviewed these reported find~ 
: “ings with Dr. Bender of Oakridge. The latter _ 


“based upon weighted data which may not be al 
beens” to. all sererre in the field. 


ce) oes Gomieen ‘described the ‘general Gharacece of! 


* stillborns, mongolism, chemicals, and drugs, 
ete ci It was described that. while bone marrow, 
testicular tissue, etc., might be better tissue | 
to study, (higher rates of replication), most’. 
Roel ce is based: “Upon, paucocyce hcasimnsre 


a) The older ‘Lilienteld (Johns. Hopkins) pee - 

“were of Korean and WW II veterans relative to ~ 

the incidence of mongoloid children born to them. 

“It was concluded that the earlier study was not 

_well designed to reveal data regarding current 

_~ interest, «Study indicated that eighteen of - 

: oT twenty-five mongoloid children had fathers who 
‘ihad been exposed to radar. It is now proposed 

2 to expand the, study. in Baltimore and possibly ~ 


-and population of mongolism that the umber: 
‘cannot be increased beyond 50 percent, i.egy’: 
from twenty-five to about thirty-six. -It was ~ 
° suggested.that the original twenty-five. and 
additional’ ‘eases should be studied in detail, 
; ders eytogenetic ‘studies of testicles and: 
lymphocytes... It is, also concluded that the : 
* study.may not answer the question. ~ It was Pes 
roposed that the study should cost $100,000; 
«$50,000 from ARPA and $50,000 from NIH.” .The. > 
‘objective | should be to validate the earlier “°.- 


“Phase 1 may. be supported,.*Later phases should: 
.not be funded unless Phase 1 defines an appro- 
+ priate toe A a. oe a Ahmet cia decision . should,” 


ain Washington., It.is likely from the incidence | .. 


~ expressed the opinion that the evidence was -:. - wy? 


* «chromosomal abnormalities re pohnieies = 


‘study; i.¢., cross-validation seems appropriate, °" 
The study.may be regarded as in three phases, © cae 


Detailed Minutes of 7+ 
- Pandora Meeting of 4/21/69 


Page $ 


CRRESUGIED 


General discussion concluded that additional work 
is required to investigate whether or not appro- 
priate radiation levels and type have genetic 
effects on man. Shipboard versus land-based 
studies were discussed. ‘It was concluded that 
land-based radar studies should be seriously con- 
sidered and planned if appropriate. Details of 
George Washington University study were ai 
to the group. - te 2 


Dr. Bragiest (New Orleans) seudiice on aatepial: 
sent from Walter Reed are not completed as yet. 
Contractor does not know what the exposure is nor 


- in which animals. (Does know that it is microwave.) ~ 


He reported that one monkey (exposed to special = 
Signal) showed significant changes in the auditory 
and visual cortex but not in deeper structures. 

He is now studying two other monkeys and four asia 
These reports are oe this URES ae a 


te was eereinaen hat the contractor should be — 
'-- tO proceed as a ae as anaes i.@., with 
Be au . aaa 


It was concluded that more animals shouid oe 
posed and studied. There was discussion of the 
new facilities developing at Walter Reed. They 


'. are expected to be completed soon. 


105 


Contract with Dr. Ross Adey reviewed.  Adey's 


. Studies have been concerned with modulated A. M. 


(3 to 10 cps) and C. W. (4.6, 2 vf/meter) and S- 


_ band radar modulated with EEG. He is continuing 
‘monkey studies regarding EEG and reaction-time. 
' He has a contract with Northrup for the study of . 


-. reaction times in electrostatic fields. It is 


felt that, although Dr. Adey's work is not directly 


. concerned with the important questions of the ef~- 


fects of VHF on CNS function and that of excluding 


."s the electrical effects as artifacts, his work is. 


© pelated to the general field of the effects of 
“.. yadiation and CNS function. Also, he is assisting 


Walter Reed with EEG evaluation and data processing. ae 


- Current level of support is about $135,000 annually. 
» It was concluded ‘that Dr. Adey should be informed _ 


‘so. that his own priorities and work trends are not 


entirely matched with those of ARPA. Although 
his work is related to the general field and is of 
considerable assistance to the Walter Reed effort, 


-s.' it is thought that his support might be phased out 


“ina year or two after the Walter Reed facility is 
silat ag dae cet he tepty, ae. ae 


‘£% i“ 


“Darad led Minutes ok 


' Pand Meet £ fe 21/63 = ¥: 
andora Mee ing of 4/ ve ° AB gies “ HSOR ha 


ll. A contract already ‘une by ONR with ‘New England 
' Institute for Medical Research (Dr. Heller) was 
reviewed. It was suggested that the content of 
this work is not directly appropriate to this 
Subject although that institute has a microwave 
facility. 


me 


7a contract with the Milton Zaret Foundation of 
“Scarsdale, New York, was reviewed, Contractor 
“sL.also uses facilities of Brooklyn. Polytechnical 

_. Institute. Work primarily in 700 p.p.s. (1-10 u. 
“* sec.) range, Is attempting to confirm or repro- 
.duce Myrra, Czechoslovakia, work, i.e., production | 
.. of .differences in heart rate at Subthermal levels, 7 
: _ This. review was ser information, ; Sen 


» Other. ‘contracts were also reviewed: ie 


+= £ 2a - 


oe De. Dordatis of Johns ‘Roping in A. Me, oe My 
F ots ee S- mane a mequeriey work on Bouneye. 


Dr: Sol Sayder of gonns Hea kine is “studying 
*: neuropharmacological effects, e.g., turn-over 
Pigs oF Eee ner ese and Serotonin. 


Dr.” : Justison (Kansas City, Misesundy: using | 

. Microwave Tappin oven is studying hypnotic and 
..soporifie effects of low power level micro- 
—.. waves, It is thought that the geometry of the 
ae TS BP: oven may provide higher Pe levels than 
se Ae ee cane ee - ie 


7 14s “It was escimaeed hae. ‘curren’ “funding ‘in the area 
ees -is.$500,000 outside and $200,000 in-house (does 
.~ not include reconstruction and development custs 
er etter Reed or CONRUEEE eden 


ae Te is’ ‘Segarded that the new facility crewing 
22" three chambers and data processing including 

(Hewell Packard) general purpose computing, record 
~.and reproduce capability for time series, coherence, 
. eross- and auto-correlations, etc,, and real time 
Pease cucd will be ready between. mid-June and AUgHSE: 
: re oe “The ‘priority of questions of dneeceee: to ARPA was 

“eset > discussed, It was reiterated that the elucidation 


~"question within the general field of the effects 

: of microwave radiation on man.in order that safety 

2. Standards may be rationally developed, It was 

ay ‘also noted that, aside from the work of.Dr, Jacobson, 
, there was apparently no other relative work igh 

: ” eonducted by Fedahiieyencies. «2 i. wae 


oe Eat : 
he 
ane ‘aS = 

“Detailed Minutes of 


Pandora Meeting of 4/21/69 
Page 7 


17. The need for information on humans in addition 
TAO EBGE Hon to the accelerated animal studies at Walter Reed 
was emphasized. Therefore, it was urged that the 
Walter Reed facility develop a human program and 
| start immediately to develop Phase 1, i.e., te 
develop a plan and protocols. 


ae “> a) Suggested putting the human aspect into the 
: Pandora program rather than in the Walter 
Reed stress program. ; 


b) Estimated that Kinase subjects would be re- 
quired for six to eight months and that they 
could be cbtained from Fr. Dietrich. 


ce) Controls should also include as many variables 
as possible including IQ, memory and performance 
testing. Control period should be less than 
sixty days. One or more should go through the 
= entire procedure without exposure, and one or 
ss more with alternating exposure plan. Study 
© wa should be double-blind with protection of — 
eyes and gonads. Shielding of testicles is 
recommended. gt. 


d) Panel would like to review protocol before, 
enactment. : 


18, lLand~based radar station human study program ‘should | 


be developed to replace or supplement any ons 
board studies at Seas 


Respectfully submitted by Lysle Peterson, Chairman 
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Minutes of Pandora Meeting of May 12, 


1969 (U) 


a? LEG Beton 


Meeting Convened: 0930 
IDA Rm. No.: i0KS 


' Present: 
Science Advisory Committee Walter Reed Army Institute of Research 
Dr. Joseph E, Barmack : Colonel Joseph V. Brady 
Dr. He Allen Ecker Dr. Thomas W, Frazier 
General Frederic J. Hughes, dr. Mr. T. Daryl Hawkins 
Dr. Joseph F. Kubis Colonel Merrill C. Johnson 
Dr, Lysle H. Peterson, Chairman Major James T. McIlwain 


Dr. Herbert Pollack 


Dr. John F. Collins (CNO), USN 
Mr. H. Mark Grove, Wright-Patterson AFB 
Mr. Albert Rubenstein, ARPA 


(S) The primary order of business was the preliminary protocol 
proposal for human studies which was requested at the previous 
meeting on April 21, 1969, The protocol had been distributed 
toward the end of the previous week and, therefore, had not been 
received by many of the panel. Time to pursue the proposal was 
taken before discussion began. 


(S) Dr. Brady noted that the proposal had been the combined 
effort of himself, Thomas Frazier, Merrill Johnson, and Daryl 
Hawkins and desired the advice of the committee on the ninety- 
day protocol. Dr. Brady noted that they had considered two 
basic strategies: (i) assumes that there is an effect of the 
signal (based upon previous experience) and the protocol is 
designed to maximize the yield and (ii) assumes that there may 
or may not be an effect (nue hypothesis) and the protocol would 
include "extreme™ operations, i.e., high-forcing functions and 
large "n"s, If an effect is seen, then fine responses are 
defined. 


(S) In view of previous experiences and evidence available, 

the first alternative was chosen, i.e., based upon the assumption 
that there is an effect. Therefore, protocol is an attempt to 
optimize economic considerations, use small "ns and primarily 
to define the effects of the signal. 


(S) The panel discussed the over-all strategy and alternatives 
and agreed with Dr, Brady. Also, re hunan experiments, this 
approach regarded most defensible as a prerequisite to more 
demanding studies, if needed. 
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(S) It was noted that a major question regarding any such study 
relates to the evaluation of behavioral effects since the spec- 
trum of possibilities is so broad compared to physical evalua- 
tion. Thus, the major part of the discussion related to 
behavioral aspects of the program, It was also noted that any 
energy form, if large enough, will produce biological effects. 
It was agreed that the signal used would be the special signal 
at the levels developed and used with the primates, i.e., 
between 4.5 and 5 mw/em*. Discussion revealed several distinct 
questions: 


(i) Because the "n" is small (eight subjects) there, the 
question was raised as to whether the protocol will permit the 
characterization of the individual, i.e., the individual as his 
own control and at the same time to also permit the characteriza; 
tion of the group, i.e., significance of the findings in in- 
dividuals in a small "n" group. 


(ii) To what extent is the instrumentation appropriate to 
carry out the objectives of the experiment, e.g., Signal beam 
incidence, range of power levels, polarization, etc. The protocol 
had not detailed the electromagnetic aspects of the experimental 
design. Also, what are the effects, if any, of the signal on 
the instrumentation, e.g., EEG electrodes? 


@ (iii) What are the dependent variables re behavior? 


(iv) What are the considerations relative to monitoring the 
physical (biomedical) parameters re two purposes: as a monitor 
of the subject's general health and as scientific data re effects 
of signal? 


(v) What are the classification considerations of the pro- 
gram re its management and scientific effectiveness? 


(S) The discussion provided consensus regarding these points as 
follows: : 


DOD regards the general line of effort to aquire human-based 
data on effects of the signal, with appropriate safeguards, as 
a high priority. ARPA believes that the entire effort should 
be classified for several reasons. It was urged that DOD provide 


written security specifications and guide for the program. 


(S) An appropriate cover relates to the purpose of the program 
to evaluate the validity of U. S. S. R. reports that nonthermal 
effects of nonionizing radiation are significant. 


(S) It is urged that the special signal (or any improved signal, 
@ i.e., to better simulate the Moscow signal) be used. Currently, 
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special signal-producing, available equipment can develop 

less than_10 or 20 mw/em“, Monkey studies have been done at 
4.6 mwfem?, Also recommendation to use same Carrier frequency. 
While polarization can be varied, it was urged that the same 
polarization (radiation beam toward back of animal and verti- 
cal) be used in humans but that absorbent seat and gonadal 
protection be provided. While posterior presentation is 
utilized, protection of eyes should be considered. 


(S) It was recommended that a medical examination function 
be established as a separate entity from the research function. 
Thus, the physical well-being of the subjects would be ascer- 
tained and reviewed periodically by medical expertise, which 4 
is not directly associated with the purpose of the effort. 
This medical examining function would not be privy to Pandora 


‘ but would be given the cover story. It was noted that this 


separate examination procedure, if properly defined, could 
provide useful data as well as a safety check for the program. 
General Hughes thought that such a medical evaluation function 
could be arranged through the new commander of Walter Reed. 

In view of the fact that the morphological changes (cytological) 
which have been found in the CNS of animals exposed to the 
signal appeared in the visual cortex (as well as other areas), 
flicker fusion studies should be incorporated into the medical 
examination. Also, slit lamp and visual field checks should 
be made and audiograms done. It was also recommended that a 
Separate psychiatric evaluation should be accomplished before 
and after the study. It was not resolved as to whether there 
should be separate psychiatric screening in addition to the 
research program screening procedures. This separate medical 
function or task force may be referred to as the "medical 
monitoring task force." It was recommended that a specific 
chain-of-command. be established to be certain that in the 
changing personnel structure of Walter Reed, the appropriate 
responsibilities are established, and thus, the research team 
will know whom to work through re the medical monitoring 
function. It was recommended that the medical monitoring 
procedure include: 


slit lamp examination: initially 90 days, 180 days 
visual fields examination: initially 90 days, 180 days 
*audiogram: initially 90 days, 180 days 
ECG: once per week 
*“physician perform general check-up once per week 


*At end of day 
**Haye responsibility to be certain that all data are entered 
on record 
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7 CS) Although the panel denpasced some concern "chat “the experi- 
ment, as defined by the protocol, might result in findings 

which would be difficult to characterize as definite indica-~ 
tions of effects of the signal on man, i.e., the problems of 
characterizing changes in each individual and as his own control 
and of satisfying criteria of group statistics, It was recom- 
mended that at least one of the subjects and perhaps two go 
through the entire procedure except that they not be exposed 

to the signal. The fact that there are to be two rooms would 
facilitate this approach. 


(S) There was also continuing concern expressed regarding the 
effects of the signal on the measuring system itself, i.e., 
Signal artifacts. The panel recommended continued scrutiny 
of this problem. The panel requested an up-to-date bibliog- 
raphy of the effects of microwaves on biological systems. It 
was noted that there is a recent article in the Canadian 
JOURNAL OF MICROWAVES. 


Respectfully submitted by Lysle Peterson, Chairman 


Date Typed ~ June 4, 1969 
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MINUTES OF PANDORA MEETING OF JUNE 18, 1969 


7. Meeting Convened: 0930 


“ee 
Meeting Adjourned: 1700 
IDA Rm. No.: lOKS5 
Present: 
Science Advisory Committee Walter Reed Army Institute of Research 


Dr. Joseph E. Barmack 
*Dr. James N. Brown 
Dr. H. Allen Ecker 


Dr. Lysle H. Peterson, 


Dr. Herbert Pollack 
*Dr, Lawrence Sher 


Mr, 


. Dr. 
Mr. 
Mr, 


*Pirst Attendance 


Colonel Joseph V. Brady 
Dr. Thomas W. Frazier 
Mr. T. Daryl Hawkins 
Chairman Colonel Merrill C. Johnson 
: Major James T. McIlwain 


Richard S. Cesaro, ARPA 

John J. Collins, (CNO), USN 

H. Mark Grove, Wright-Patterson AFB 
Albert Rubenstein, ARPA 


. Absent: Dr. Joseph Kubis, Science Advisory Committee 


Dr. Joseph C. 
Mr. Harris 8. 


Sharp, N. Y. State Dept. of Health 
Stone, (CNO), USN 


(S) The minutes of the previous meeting (May 12, 1969) 


were discussed. 


Dr. Peterson explained that the questions 


regarding the WRAIR protocol were stated as those which were 
raised for discussion at that meeting. The discussion asso- 
ciated with these questions resuited in a general agreement 
that the protocol in general provided an appropriate initial 
approach with human subjects. Furthermore, the nature of 
the problem together with constraints of available time, 
facilities, personnel and funds, and the scope of the approach 
result in statistical problems from the use of a small "n," 
A protocol using significantly more subjects would be more 
desirable but would delay the program considerably. It: was 
agreed that for the first approach, the small "n" would be 
acceptable. The primary purpose of this meeting (June 18, 
1969} was to consider the approach in more detail and to 
hear reports from ARPA and WRAIR regarding broad approaches 
to the solution of the Pandora and related problems: 


HEHE 


“-Minutes of the Pandora Meeting of 6/18/69 


ane ‘ a 
Hae 


Cesaro reminded the Committee Pre Tees 
and es priority which ARPA assigns to the Pandora program; 

it is important to make major advances in solving the problem 

in FY 70; the Advisory Committee was invited to give as much 
attention and creative thinking to the problem as it can. 

He defined the Advisory Committee's role and that its ef- 
fectiveness would be enhanced by maintaining a close and con- 
tinuing association with the Walter Reed group. His view 

of the overall problem was summarized: 


1. Investigdtive programs should be designed to 
take major bites at the problem to achieve 
definite indications of whether or not there 
are effects on humans of microwaves under con- 
ditions simulating, as closely as appropriate, 5 
the Moscow signal. Furthermore, he urged that 
the experimental programs be relevant to the 
Pandora problem and provide significant re- 
sults, negative or positive. He reminded the 
Committee that, conversely, it would be inap- 
propriate to follow paths which while they 
might be interesting scientifically, would not 
be relevant to the problem. 


2. While there is evidence that low energy (less 
than 10 mw/em? ) R.F. radiation does penetrate 
to. the CNS in primates, a significant and 
relevant question is how the penetration occurs, 
i.e., the mechanism re microwave characteristic 
and biomedical engineering principles. Such 
questions relate to whether or not the Moscow 
signal is unique and to whether the Soviets 
have special insight into the effects and use 
of athermal microwave radiation on man. The 
WRAIR experience indicates that C. Ws has no 
effect, but modulation does. 


3. There appears to be interrelationships of signal 
time and biological effects, which should be 
evaluated, i.e., biological on-off effects phased 
to the on-off character of the signal, i.e., . 
short response times, intermediate and long time 

_ effects together with intermittent and long 
exposures, i.e., at least nine combinations 
possible. 


'4, The biomedical effects may include (i) physio- 
logical, (ii) behavioral, and (iii) genetic. 
Each general class re short and long time effects 
should be evaluated. 
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ay? Man should be Cpphncamed:, as the plane: in the 
investigations both because he is the obvious 
recipient and because he is in many ways a 
more effective reporter of effects. 


6. Behavioral investigations should include at- 
titudinal (subjective) considerations and 
measures. 


(S) Discussion centered next on details of the WRAIR 
protocol. There was a concensus among the WRAIR and Committee 
members that the general approach of the protocol is appro- 
priate and that in the initial stages of the effort, many 
"on-the-spot" decisions would have to be made because of the 
uncertainty of aspects of the program. As these uncertainties . 
are clarified, the protocol would become better defined. The 
areas considered which require initial exploration to provide 
better definition are: 


il. Exposure: It was the concensus that the aim 
should be to duplicate or simulate the Moscow 
environment as much as appropriate to solve the 
problem. Since exposure to the Moscow signal 

@ tended to be over an eight- to ten-hour period, 

, it is thought that the exposure of subjects to 

the Special Signal should approximate that time 
frame. Furthermore, the primate findings were 
based on a seven-day, ten hours each day, 
exposure, It is suggested that the protocol’ 
indicate exposures up to eight to ten hours 
each day rather than the one-hour cycle pro- 
viding four hours total per day. 


2. The instrumentation artifact question re possible 
E, E, G, recordings be explored vigorously. The 
differences between primate and man with respect 
to head dimensions, effect of beam incidence, 
etc., must be reviewed and analyzed. 7 


3. The physiological and medical monitoring include 
the array noted in the minutes of May 12, the 
matrix presented by Dr. McIlwain, portable ECG 
for continuous monitoring and the utilization 
of lower-body, negative-pressure plethysmography 
(LBNPP). It is recognized that the Soviet ~ 
literature refers extensively to cardiovascular 
effects of microwave radiation. The nature of 
the reported behavior of the cardiovascular 

' system requires relatively continuous monitoring 
@ to characterize significant effects from normal 
variations. Also, it is recognized that LBNPP 
is an accepted and relatively sensitive measure 
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of cardiovascular idecanditionine® Cin the physio- 

logical sense). In addition to the special 

tests, the medical monitor would be responsible 

for the routine physical examination, regular 

daily inspection of subjects and to adhere to 

the responsibilities associated with AR 70-25. 

These procedures would be worked out through 

the Office of the Surgeon General, Dept. of the Z 
Army, and jointly with WRAIR operational group 
and relative to security requirements defined 
by ARPA. ARPA agreed to present, in writing, 
the security requirements for the program, 


(S) The Committee recognizes that a period of uncertainty 
exists in the early phases of developing such a program and a 
that the program director will require a degree of latitude ~ 
in conducting pilot experiments before finalizing a detailed 
protocol. The Advisory Committee agreed to work closely with 
WRAIR in considerations of refinements of the protocol. 


(S) The Committee agreed to conduct “brainstorming” sessions 

relative to the general Pandora problem in the context of ARPA's 

' interests and responsibilities. The Committee expressed a need 

& for more, yet manageable, literature review and information 

relative to the problem especially re the Soviet literature 
and from whatever sources useful information could be obtained. 
It was agreed that Dr. Pollack and Dr. McTlwain would assemble 
a "package" of useful documents to be distributed to the Com- 
mittee. . There was general discussion about various documents 
known to the attendees. It was agreed that several documents 
were relevant and appropriate, e.g., the IDA analysis due out 
soon, a document by Dr. Robert D. Turner, U. S. A. Standards 
document, the ERMAC report, a report by Castir and Dodge, one 
by Castle, one by Thompson, and the Presman summary. It was 
also agreed that ARPA would make available, to the Committee, 
any information that is relevant to the problem. It was also 
agreed that the agenda of the Advisory Committee would auto- 
matically include a call for a progress report and new, rele- sae 
vant information from Committee members, WRAIR, and ARPA. 


(S) Dr. McTlwain and Data Corporation representatives 
presented a demonstration of the BEER project and application 
of a computer-based information storage and retrieval system 
to provide rapid access to files on microwave related informa- 
tion, It is expected that user needs and responses will ‘soon 
be tested by ARPA and WRATR. 


that Dr. McTiwain participated - as a principal in developing 


(S) A correction of the minutes of May 12 is noted, i.e., 
@ the WRAIR protocol, 
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(U) The next meeting is scheduled for July 16, 1969. 
Respectfully submitted by Lysle Peterson, Chairman 
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= i MINUTES OF PANDORA MEETING OF JULY 16, 1969 


JA Meeting Convened: 0930 


WEEE 
Meeting Adjourned: 1700 
Meeting Held: 0930 to 1330 at Building 503, Forrest Glen 
; Annex of the Walter Reed Hospital 
1400 ‘to 1700 at IDA Rm. No. 10K5 
Present; | 
Science Advisory Committee Walter Reed Army Institute of Research 

Dr. Joseph E. Barmack . Colonel Joseph V. Brady 
Dr. James N. Brown Dr. Thomas W. Frazier 
Dr. H. Allen Ecker Me, T. Daryl Hawkins 
Dr. Joseph Kubis Colonel Merrill C. Johnson 
Dr. Lysle H. Peterson, Chairman Major James T. McTlwain 


Dr. Herbert Follack 
Dr. Lawrence Sher 


@ Mr. Richard S. Cesaro, ARPA 
Dr. John J. Collins, (CNO), USN 
ae Mr. H, Mark Grove, Wright-Patterson AFB 
Mr. Albert Rubenstein, ARPA ; 


*Dr, Stanley Marder, IDA 


Dr, Joseph C. Sharp, N. ¥. State Dept. 9 A FER 1077 
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Absent: Mr. Harris B. Stone, (CNO), USN Sides ele se eee Hes en gt SE 
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(S) The meeting was convened at 0930 at Building 503, 

Forrest Glen Annex, Walter Reed Hospital. The purpose of 

the meeting at Walter Reed was to review the developments 

of the facilities and programs re site, to review schedule 

for completion of the program and to give new Committee 

members the opportunity to see the laboratories. 


(S) Major McIlwain and Mr. Grove led a presentation 
of schedules to complete the development of the facilities: 
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Delivery (>) . 5 H. P, 2116B 


In Operation (¢ ) 


(S) Discussion included estimates of signal stability, 
flexibility, and obsolescence of system. Mr. Grove indicated 
that satisfactory stability could be expected re 15 ft. cube, 

that the system was modular and could be expanded, and that 
range extended from 250 megahertz to 10 gigahertz. 


(S$) Discussion then focused upon the relevance of the 
Signals to the Moscow signal. Jt was stressed again that the 
Signal used in the forthcoming experiments should (i) be com- 
parable to previous experiments at the laboratory, (ii) be 
relevant to the Pandora problem, (iii) the signal characteris- 
‘ties be calibrated periodically as referenced to a standardi- 
zation technique and (iv) possible signal artifacts (i.e., 
Signals recorded from biomedical transducers due to direct 
effects of the microwave input in contrast to microwave input 
effects on the biomedical system) should be elucidated and 
evaluated, 


(S) Discussion also focused upon the software program, 

i.e., the evaluation of data via computer system. Mr. Grove 
‘and Major McTlwain defined three software areas: (i) that ra 
developed by Ross Adey at U, C, L, A., (ii) that developed 
for the internal logic of the equipment to be delivered 
(H.B 21168 and related system), and (iii) software needed 
to extend and interface with (i) and (ii). The U. C. L, A. 
program had been developed to test an array of statistical 
parameters re EEG signals on the equipment at U, C. L. A, 
WRAIR has selected from the total U. C, L, A. program certain 
aspects which were felt necessary for the WRAIR needs, @.g., © 
auto- and cross-correlation, auto- and cross-power spectra, 
average transients and certain standard statistical process- 

ing. These were packaged into the logic of the equipment 

being delivered by Hewlett Packard. WRAIR felt that there 
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were aspects of the U, C, L. A. programs (e.g., coherence 
functions) that were not needed. To duplicate the 

u. C, L. A, software program would have been too costly 

and would require too extensive a hardware package. Thus, - 
the special computer package approach was taken. It was 
not anticipated that extensive, additional software would 
be needed but that if so, contracting would be more appro- 
priate than developing extensive in-house programming 
capability. 


(S) In summary, the WRAIR presentation concluded that: | 


i, The facility (at least two chambers operational) 
would be ready for experimental work by mid- 
October unless unexpected delays occurred. : 


2. The signal characteristics would be comparable to 
previous work and that a calibration procedure 
would be adopted, 


(NOTE: Discussion indicated that the calibration 
question related to defining the characteristics 
: to be calibrated rather than to capability to 
& calibrate, i.e., to define spectral and energy 


characteristics to be measured for calibration 
and standardization.) 


3. With the planned program and facilities, the ex-~ 
perimental artifact question could be approached 
within the inherent uncertainty levels. It is 
known that EEG experimental artifacts do occur 

-and that the question remains as that in a given 
experiment how much of the recorded response is 
artifact, i.e., in levels at different EEG 
frequencies, to what extent is the living brain 
required, It is expected that the autospectral. 
analogies will be helpful. A two- or three- 
month program using monkeys is planned. 


(S) Tne Committee reconvened in executive session after 
lunch at Room 10KS5 in IDA to review the present status of 
.the program in the light of Mr. Cesaro's charge to the 
Committee. It was agreed that the Committee would partici- 
pate in certain working sessions devoted to specific problem 
areas and, whenever appropriate, do so in subgroups relative 
to the particular expertise involved, would conduct "brain- 
storming" sessions relative to the overall Pandora question 
and the various components of the ptogram, and structure 
agenda for periodic, approximately monthly, meetings such 

@ that orderly progress should occur, Furthermore, contributors 
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to the agenda would be invited as early as es “and 
notified of the material requested. A list of possible 
agenda items for the future was developed, and it was 
expected that this list would be considered appraised by 
Committee members and an agenda for the next meeting de- 
fined on or about August 1. It was agreed that the next 
meeting would be scheduled for August 12 and 13. 


(U) The meeting was adjourned at 1700. 


Respectfully submitted by Lysle H. Peterson, Chairman 
mC 
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“= MINUTES OF PANDORA MEETINGS OF AUGUST 12 and 13 1969 | 
Meeting Convened: 0900 on August 12 and 13 
Meeting Adjourned: 1700 on August 12 
1300 on August 13 
j 
| 
Meeting Held; IDA Room No. 10K5 on August 12 and 13 
Present: . . - 
Science Advisor Committee’ “77 “Phe following attended Aug. 12 only: 
' z= 
Joseph E. Barmack . Mr, T. Daryl Hawkins, WRATR 
James N. Brown Major James T. MeIlwain, WRAIR 
H. Allen Ecker ; “Mr, Daniel Sullivan, ARPA 


Joseph Kubis 
Ly . Peterson, Chairman — ' 

| Pollack, Executive Secretary 

Lav ce Sher ; : 


*Pirst Attendance 


Absent: Colonel Joseph V. Brady, WRAIF 
Mr, Richard S. Cesaro, ARPA 
Dr. John J. Collins, (CMO), USN 
Dr. Thomas W. Frazier, WRAIR 
Mr. H. Mark Grove, Wright-Patterson AFB 
Colonel Merrill C. Johnson, WRAIR 
Mr. Albert Rubenstein, ARPA 
De. Joseph C. Sharp, N. Y. State Dept, of Health 
Mr. Harris B. Stone, (CNO), USN 


(S) I. The minutes of the July 16 meeting were approved with 
minor modifications, en ee the omission of the fact that 
-the Committee had requested a written sumnary of the WRATR 
program to date and ‘an oral presentation of the basic data. 


°@ Dr. Peterson reviewed’ the purpose of the meetings (August 12 


and 13) as principally that defined at the previous 
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meeting: 
A. To have a detailed, full review presented by WRAIR 
of the background and findings of the Pandora/WRAIR 
primate studies from their inception to present. 
Specifically: 
(i) A review of the background for the development of 
) the program. : 


'(ii) Considerations of the expected sensitivity and 


relevance of the tests used in the program. : 


(iii) Review all findings from all experiments. 


(iv) Review current protocol for future program. 


B. To hear Dr. Ecker! s report on.the work of his sub- 
committee, which was asked to look into the hardware 


t Fe 
. systems being developed for future work in the program 
ot 


at WRAIR, 


t 
‘ 
i 


“iC, Yo disctuss follow-up of Big Boy project. 


The Committee was then, in the remaining time, available 

to conduct Vbrain sessions," as requested by Mr. Cesaro. 
Major Mcilwain presented his analysis and conclusions of 

the WRAIR/Pandora program. t is noted that although 

Colonel Joseph Brady, Dr. Joseph Sharp, and Mr. Mark Grove 
were invited, they — unable to attend this meeting. 

Aliso, Messrs, Cesaro and Rubenstein were unable to attend 
because of conflicting duties; however , they were represented 
by Mr. Dan Sullivan. The Committee's siihlay of Major Mc-~ 


Tiwain's review is as follows: 
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The experimental approach was ; detinea early in 1966 mainly 


by Drs. Brady and Sharp with Dr. Sharp being assigned 
primary, direct responsibility for the operational conduct 
of the experimental program: The earliest studies were 
pilot seudtes: The sane Signal has been used throughout 
the study except for varied strength. This signal was 
selected from the Moscow Signal" tapes by a group repre- 
- senting various agencies. Mr. Mark Grove has had a ‘major 
responsibility for providing the hardware to generate the 
selected "special" signal for WRAIR. Primate behavior . 
measures were chosen by WRAIR as the primary indicators 
@.: an effect of the special signal. Studies comparing 
exposed and unexposed behavior were divided into three 


} 
: 


" groups: 1. Reaction times, 2, Detection, and 3, Multiple 


“ 


schedule studies. | 
1. Reaction Time: Two types of experiments were performed 
‘ on two monkeys at 4, 6 moron ‘ 

' (i) Shock avoidance (No. 682) 250 trials/day in midday 
period and (Animal No. 683) 500 trials/day; both 
a.m. and p.m, periods. 

Results: 


(a) No significant differences between experimental 


(exposed) and nonexposed periods, and no .signifi- 


3 aces 
@ cant differences between a.m. and p.m. trials. 
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Conclusion: Special signal (in WRAIR program 
ok 
has no significant effect on rea 
| 


time under the shock avoidance t 


procedures, 


(ii) Food Reward: Animals No. 782 with 33 days'ex 


and 783 with 30 days' exposure 4.6 mw/em> ; 


Resuies: No effects on median perforinance and 


tendency for the interquartile range 


change. Discussion: Previously the 
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in the interquartile range was interprete 


as an'effect which "siowed down" the monkey, 


presumably due to the special signal. 


Dr. MeTiwain, however, concluded that with 


a more complete analysis, the finding could 


be interpreted as an effect of the experi- 


mental program itself and not necessarily 


due to the signal. 


Conclusion: The effect of the WRAIR signal on 


reaction time under the food reward 


test procedures was indeterminate. 


Detection: In this stimulus substitution design, the 


animal, trained to one stimulus Ss, is then trained to respond 


conditionally to a second stimulus. 


An attempt was made 


to train the animal'to respond to microwaves as the second 


stimulus. Shock avoidance was the response. One 


monkey 
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second monkey was exposed to 20 mw /om@ at 60~-second 
intervals. : 
Results: No significant detection elicited by either 
] . 

monkey, | 

Conclusion: The animals showed no response:to the microwave 
signal at least in this regimen, 

3.. Multiple Schedule: : This was regarded as the most 


critical aspect of the experimental program and in- 


@ volved learning performances for nine sessions on four 


ogee de using a progressive, fixed ratio reward (PRL) 
er and alternating with a differential reinforcement o£ 
low rates (DRL). Six ianounes were examined using 4.6 
mefom as average field strength of the signal: 
(i) DRL distributions 
(ii) Latency of ‘the DRL 
(iii) Average Himbee oF time-out responses 


(iv) Average time per time-out 


(v) Average pause time for each ratio step 
(vi) Average running time within each ratio step 
Of these, me only measure that showed any possible signifi- 


e@ant se téat was the DRL distribution measure, but the data were 


@ internally senbeasic cons: A further analysis was made 


of (i) the number of uninterpreted pauses exceeding ten 


minutes, (ii) work stoppages for any reason, including 
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unexplained work stoppages which, in the light of the 


Conclusions: There is no convincing evicence of an 


‘Committee had not jaro 
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equipment malfunction, and (iii) total number of pellets 
earned, 7 

Results: In two of the nine sessions in which the full- 
power special signal was used, uninterpretable data were 
obtained either because of equipment malfunction or the 
use of reinforcement schedules (which reward certain types 
of stoppages) were recognized as contributing themselves 
to work stoppages. ‘In two of the nine sessions, there 
was no effect of the signal; in three (or four) of the ’ 


nine sessions, there were effects, but they were not 


cummulative; in one or possibly two sessions, there were 


total experience, appear to be random variations found 


as often in control as in exposed sessions. 


effect of the special signal on the performance of monxeys. 


“In addition, Dr. McTlwain acknowitcicd that the 


studies had Seas involved Honviar as SAIL YSIS wie)en 
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analysis of the WRATR program findings, it was apparent 
. that the conelusions ‘presented earlier by Dr. Sharp were 
significantly aupPeveneveron cose of Dr. McTlwain. 
The Committee felt that because of the importance 
of these differences, the WRAIR program principals, 
Drs. Brady, Sharp, McIlwain, ete., should attempt to 
‘resolve the inconsistencies of chede conclusions. The 3 
Significant differences are, of course, whether or not 
there are established effects of the special signal.on 
primate henadien as evidenced from ‘the WRAIR program. 
@ It was also noted that no technical depen’ had been 
written regarding the program to date. Dr. McIlwain 
agreed to furnish the Committee with a written sumnary 
of his presentation. The Committee expressed the desire 


to analyze the raw data themselves. 


! 


<S) IV. Dr. H. Allen Ecker presented the findings of his sub- 


committee on the functions and characteristics of the 
instrumentation Reding déveloped for the expanded WRAIR 
program, (See minutes of July 16.) A written summary 
of Dr. Ecker's report is appended (Exhibit A). In dis- 
cussion, it was concluded that the capacity of the in- 
strumentation exceeds present requirements, but the 
rational that if the’ program is expanded and extended, 
& that added requirements will develope, is probably sound. 
Discussion regarding the special signal was withheld 


until after Dr. Ecker's presentation although this 
i] ©) Fe oe 


er en ees mem et et et te aed 
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consideration related to Dr. MecTlwain's presentation as 
well. The Committee felt strongly that the character 
of the signal itself anouid be reviewed in the light of 
previous events, The COMES thereby requested in- 
formation concerning the snsysas and logic, which led 


to the selection of the particular "special" signal 


developed for and utilized by the WRAIR program, It 


- appeared that complete analysis of the Moscow signal 


-had not been accomplished prior te the selection, It 


was the opinion of the Committee that a thorough spectral 
analysis of the lieéecw signal was technically and economi- 
cally reasible and should be dndemEanen for the following 
reasons: | 
1. .To establish a sounder basis for the design of a 
‘signal to be used as the "mse significant and 
relevant" comporients of the Moscow signal to test 
the biomedical effects of the signal. 
2. To permit proper choice of instruméntation and 


equipment to simulate the signal in experiments, 


3, In the event of negative findings in initial experi- 


ments, to onevide 'a basis for defining alternative 
signals or for reproduction of the Moscow signal 
itself. | ! 

Thus, if there is reason to believe that particular 
forms of microwave signals hold the "key" to the bio- 


medical effects (if any) of the Moscow signal, then any 
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major attempt to duplicate it must start from,a thorough 


analysis. To date, the analysis has not, apparently, 
; 
, 


been thorough; a deficiency in the Pandora effort. 


Mr. Daniel Sullivan of ARPA was requested to see 


t 


whether the signal analysis could be made available to 


the Committee, 


% 


(Ss) V.OA brief review of Big Boy reminded the Committee that the 

- results of the Saratoga study were essentially inconclusive  °* 
although the testing techno logy and programs were worked ’ 
out and proved feasible and reliable with certain suggested 

. improvements. (A report has been written of the Saratoga 
oe] effort.) A possible reason for the inconclusiveness of the 
Saratoga study was chat the Jevels of microwave radgia- 

_ tion measured at sites where tested personnel wane tocaeed 
were found to be extremely iow and the exposure time very 
Slight. The Committee recommends that the approach of 
using established, operational radar stations to test the 
effects of microwaves on humans be followed-up. Dr. Me~- 

.Iiwain indicated that he and Mark Grove had looked at aoe 
the possibilities of several ground-based establishments, 
such as those at te White Sands, Fort Sill, Hawk 
missile systems -(e.g., £1 Paso), ete. Their conclusions 

1 
are that populations of men exposed to radiation are 


@ too unstable to be effective for tests. It was also 


noted that the Navy has at least seven communications 
j 7 
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ships broadcasting in the 10-meter band rather than S-band , 
i.e,, Similar in character to the Voice of America station. 
The Committee apnetgaed that further consideration 
be given to the use of ground- and ship-based ieeedaue 
generators for further studies. 
(s) VI. The Committee spent: the better eave of two Gays on the 
| subjects noted esse only had time to introduce addi- 
tional topics, Tt: was again concluded that iccnanieat: ) 
physiological, and rwell being" studies should be carried 
‘out at WRAIR or elsewhere. These should include cardio- 
vascular responses, morpho logical and biochemical studies 
@ of peripheral blood.’ It was also concluded that the 


‘findings ve cytogenetic studies should be carefully re~ 
i 


viewed. ; 
(S) VIET. The Committee felt that the first order of continued ef- 
fort by the Committee should be based upon a resolution 


of the apparent differences in the interpretation and/or 


analysis of the WRATR primate program. 


" | = SR 4 
Respectfully submitted by Lysie H. Peterson, Chairman 


mc : 


Date Typed: August 27, 1969 


Attachment: Exhibit A-~Instrumentation Review 
by Dr. H. Allen Ecker 
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On 31 July 1969 Dr. James N. Brown, Mr. Mark Grove and Dr. H. Allen Ecker 


met at Georgia Tech to review the planned instrumentation for the new 
facility at WRAIR. Since the schedule for completion of equipment was 
discussed at some length at the last Pandora Panel Meeting and is recorded 
in the minutes of that meeting, further discussion of the schedule did not 
appear necessary. The two major items that were reviewed are (1) the Signal 
Generation Equipment and (2) the Data Recording and Processing Equipment. r 


.Neither the variables to be measured, the method of their measurement nor 


software requirements was discussed. 


Pata Recording and Processins Eouipment 


A T= block diagram of the Data Recording and Processing Equipment 
fe) 


contractor for design and installation of this system and a very flexible and - 


new facility is shown in Figure 1. Hewlett-Packard is the prime 


well-coordinated system which offers excellent data analysis capability has 
been designed. The use of pre-programmed analyzers such as the new Hewlett~ 
Packard 5450 Fourier Analyzer provides pre-programmed analysis techniques 

and; therefore, reduces the initial software requirements. Both analog 

and digital data storage equipment is included. Care has been taken to 
provide calibration and monitoring capability throughout the system. Since 

the variables to be measured and analyzed were not defined at the time of 
equipment design, it appears that the money available for this instrumentation 


was used wisely to provide a very flexible data recording and processing 


t 


A suggestion for increased capability is the use of a Honeywell Visicorder 
in place of the currently planned HP 7878 Ink Oscillograph. The visicorder 
offers a bandwidth of 5 KHz with an extension to 10 Kiiz with reduced ampli- 
t hereas the HP Ink Recorder has a maximum bandwidth of 150 Hz. In 
any system in which input variables are unknown, bandwidth can be a limiting 


factor on the flexibility of the processing system. 


i 
z 
Nae BE Lae and 


reaty ted 
cate il ib took 


race 


* TUS ean 


: al 


{ 
# 4 

us fay eet at z + 
ae Ww PL Ge 3 


Signal Generation Equipment 
The task of designing the system to generate the desired RF signal was ac- 


‘ complished in house with Litton Industries providing the special high voltage 
power supply. A preliminary block diagram of the basic components of the 
system is shown in Figure 2. The basic RF oscillator is an HP 8690 Sweep 
Oscillator, The frequency modulation signal is generated by summing the out- 
put from two Hewlett-Packard 3300 Function Generators and a General Radlo 
1390 Noise Generator; current plans do not call for amplitude modulation. 

_ However, a PIN modulater could be inserted between the basic oscillator and 

the first amplifier as indicated by X on the block diagram. A PIN modulatot 

is an easy and flexible way to provide amplitude modulation with minimum 


interaction with the desired frequency modulation, 


' A two stage drive section in the form of sequential 1 watt and 10 wate TAT 
@:«: is part of the present design. JWT's with 30 dB gain are comzon; 
em 


put would not be an efficient system; the desire for extreme linearity prempted 


efore, im a conventional system,drivevs separated by only 10 43 in out- 


‘the choice of this configuration, 


© 


Provisions are made to monitor the power level and the frequency spectrum 
after the 10 watt TWI, The results of this monitoring will be available 


to the Data Processing System. 


The present pleas call for Klystrons to amplify the signal to a 1~to-2 

kilowatt level. An amplifier of this type in the frequency range of interest” 

would have only approximately 5 MHz bandwidth with 40 dB of gain. Since 

only about 23 dB of gain would be required to produce 2 kilowatts from a 

10 watt drive, it would be possible to stagger tune the Klystron amplifier 
sections and increase the bandwidth at the expense of gain; perhaps as 

much as 15 or 20 Miz bandwidths could be achieved, A major design iter 

: he Signal Generation System is the high voltage power supply and asso-~ 
@:: protective circuitry for the Klystron amplifier. At present, a 10 


kilovolt-1 amp power supply is-.being designed. 
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After the Beye Enon ampli fier, monitoring of th® output power eer be" provided 
ag well as isolation from undesired or reflected signals. ‘The transmitting . 
antenna will be a Scientific Atlanta Standard Gain Horn with approximately 
18 dB gain. The three dB beamwidths in the E and H planes are 23° and 22° 

" gespectively. A probe antenna and associated thermistor mount and power 

. Meter are provided down range for monitering power levels at thet point, 

' 
‘The signal generation system as proposed provides a flexible source for a 
frequency and amplitude modulated RF signal with the exception of the final 


* 4 
Klystron amplifier. Octave bandwidths are common practice in TwT amplifiers 


“whereas Klystrons usually exhibit less than a one percent bandwidth. If one 
is assured that the signal to be simulated will never exceed the bandwidth 


limitation of the Klystron amplifier, then the proposed system will be ade- 


i 

. ate. However, if the possibility of a larger bandwidth requirement exists, | 
@ search for broader bandwidth and perhaps higher powered output tubes should : 
be made, Both Hughes and Varian advertise 1 KW Cil IWT amplifiers in the fre- 
quency range of interest. A recent advertisement by Varian in the March 1969 | 
Microwave Journal indicates that 10 KW CW TWI's have been built and delivered. 
Alco, recent developments in CW cross field amplifiers could provide a very | 
‘efficient and xeasonably broadband final transmitter stage. Both Ratheon ard i 
SFD have made significant advances in the development of cross field amoli- 
£iere. It should be emphasized that the system was originally conceived before 
‘the above tubes were catalog items. Also, cost and scheduling can be limiting 


factors. 


# ‘ “sm, 


The choice of a standard gain horn for the transmitting antenna provides a 
simple method of coupling to free space. However, the far-field criterion 
“nust be satisfied to establish a uniform plane wave over a region in space. 
“If a larger area and a more uniform wave is desired, a large collimating 

reflector type antenna could be substituted for the standard gain horn, 
eo a large reflector, antenna would be nuch more expensive. 


Concluding Remarks _ . 4 , 


The results of the review of ‘instrumentation indicate that at this point 
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both the Data Recording and Processing System and the mereren SGeneracion: 


System have been well planned, However, two pressing issues must be resolved. 
(1) It is imperative that rapid decisions be made on the variables to be 
measured and on the desired methods of analyses to permit determination of 
required software. (2} A more thorough analysis of the RF signal to be 
simulated is necessary. The bandwidth requirements of the output amplifier 
hinge on the results of that analysis. 7 4 , 
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September 12, 1979 


Director 

Defense Advanced Research Projects Agency 
1400 Wilson Bivd. 

Arlington, VA 22209 


Attention: Mr. Fred A. Koether 
Management Information Systems Division 


& Dear Fred: 
Your request put our Records Vault management to 


the test with such limited document description but 
they came through with flying colors. The letter 
you wished is enclosed. 


Please sign and return the enclosed classified 
material receipt. 


Sincerely, 


EL SO 
a de R. Culp 

CRC:eh 

Enclosure as noted. 
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Dr. Stephen Lukasik THIS DOCUMENT HAS BEEN DCWNGRADED 
‘Deputy Director, ARPA 10... PUNCLASSERTED® 24 SEP 1979 
Office of the Secretary of Defense 
Washington, D.C. 20301 per. Dirtcke Datla [Tie 


Dear Steve: 
REVIEW OF PROJECT PANDORA EXPERIMENTS 


Following our recent discussions I have gone through the data 
~-~ on the-Pandora Experiment as they have been presented by Major 
Mcliwain. Maj. MclIlwain has done 4 superb job on reassessing 
@ rc nstena: of the last few years and presenting.it.in an easily under- 
stood form. During the course of this review I spent approximately 8 
hours (October 22, 1969) looking at the material and in related discus- 
sions. In brief, Iam forced to conclude that the data do not present 
any evidence of a behavioral change due to the presence of the special 
signal within the limits of any reasonable scientific criteria. There is 
evidence of behavioral change in some cases but this change could he 
attributed to a variety of causes or systematic measurement errors all 
well within the limits of experimental methodology. Evidence of other 
effects such as EEG, histology, and chromosomal analyses have not 
accumulated with either adequate detail or control to tell whether effects 
due to radiation are present. 


One should not infer from these statements that there is no value 
to the work done; there is unquestionably considerable value in develop- 
ment of protocols and facilities and the possibility of extending this to — 
a variety of useful work which I will discuss later. 


The primary experiments have been to look for the effect of the 
special signal on specially trained monkeys at intensity levels comparable 
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to the special site environment. As I recall the data, there have heen 
four operant conditioned animals which have been exposed in total 7 .- 
times to the special signal, 2 times to a square wave, 1 time to a tri- 
“angular wave, and 1 time to cw. The intensity generally used has been 
4.6 mw/em~ which, I might point out, is probably in excess of the special 


—Site environment. Experiments are not run at higher intensity since this 


is the maximum possible for the equipment using two carriers. At least 
one animal was run at very low intensities corres ponging perhaps closer 
to the action site ranging from 8, -.w/om@ to 1 mw/cm” but I recall nothing 
particularly significant for this run compared to the others. The basic 
parameters measured were the PR {prompt response}, DRL (differential 
reinforcement of low rate) and the latency time to go into DRL. 


I will not attempt here to detail the various particular runs generally 
of 20 to 30 or more days in duration but rather give my general impressions. 
There were certainly individual days where differences were observed which 
were statistically significant in terms of the individual day's experiment. 
These behavioral changes, however, were well within the limits of causes 
other than radiation such as change of the animai from one roomtoanother, 
day/night variations, or perturbations caused by malfunction of equipment. 

rticular there seem to be a considerable number of malfunctions in the 
pellet-feeding gear. In the case of one animal who was exposed at two 
different times approximately two years apart, it was interesting to note 
that the variation in his behavior during the 2nd exposure where he had 
the opportunity for long continued training was much smoother than the 
first period. It is also important to note that while a large number of 
performance degradations were noted most of these occurred either in the 
form of very small variations from a normal count (i.e., number of food 
pellets obtained) or occurred the day following a significant equipment 
malfunction. There may have been one case {animal number 673) where 
there was a performance time-out of some significance. 


In general one would consider the unexposed animal or a period 
of nonexposure to be the control; I would also say that in view of the 
problem associated with the special signal an equally significant control 
would be the cw signal. However, as mentioned above there was only 
one case of this sort of run and this quite a few years ago. It was diffi- 
cult for me to see how one can have a viable protocol for any stimulus 
_ when the stimulus intensity has not been brought ta a level which creates 
-a positive effect and this then compared to the required operational level. 
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For example, such a level might be in excess of 10 mw/em2 . The 
equipment used in a combined single-mode manner could certainly 
. produce approximately this level of power. 


Another type of experiment that could be classified as behavioral 
was the reaction timé studies. Four animals were used here, two with 
food reward and two using shock avoidance. The basic concept here is 
for the animal itself to adjust his reaction time to a comfortable value 
and to look at changes in this as a result of various stimuli or environ- 
mental conditions. Of the four tests run three showed no effect, one 
did show an effect but this effect could be either eliminated or empha- 
sized by a change of the timing program. I believe,in general, these 
reaction time studies have been used in the behavioral field primarily 
for relatively short-term changes. Certainly there was some indication 
of statistically valid variations over a period of months but this could 
not be correlated to on/off times of the signal. It might be noted also 
that negative results were obtained for a tone substitution versus the 
microwaves for shock avoidance. 


In summary, you could say that there are some changes in the 
‘Gistribution of the various parameters at various times but there were 
few or none uniquely correlated with a special signal. There were cer- 
tainly no trends observed, any statistically valid changes were single 
day, and there was certainly no evidence of anything that could be 
described as a catastrophic effect. 


The effect of low frequency modulation on the EEG has been 
reported a number of times by this project. Implanted electrodes are 
placed into various brain regions of the monkey and the resulting EEG 
tapes were analyzed off-line by Dr. Adey's laboratory in California. 

The time delays intrinsically involved in this process may be significant 
in explaining some of the experimental procedures followed or not followed. 
If the animals are irradiated by sine wave modulated at various low fre- 
quencies in the alpha region the autocorrelated power spectrum analysis 
shows reinforcement of the modulation frequency in various portions of 
the brain. At this date there is no convincing evidence that this effect 
is not an electrical artifact of the procedure. There are several varia- 
tions of protocol which could determine this using an on-line system. 

I believe a fast-Fourier transform analyser is on order for purposes of 
going on-line. Experiments were run with the animals’ head shielded, 
under anesthesia, killed during the experiment, and even with a perfused 
brain. However, none of these were satisfactory for positive elimination 
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@: the possibility of an artifact. In fact, variations of head position 
ersus autocorrelation spectrum did tend to lend some evidence for an 
antenna action for the probes. 


Additional programs are underway for chromosomal analysis using 
“karotyping of cultured lymphocytes and for testicular and brain histolocy 
but no substantive resylis have been reported yet other than a few isolated 
’ observations that cannot be considered significant until placed in the con- - 
text of systematic data. 


As stated earlier, the value of the behavioral protocols, procedures, 
and equipment should not be summarily dismissed. In addition not only 
does the present working facility represent a substantial capital equipment 
investment but also the new facility nearing completion is a magnificent 
laboratory indeed with three additional exposure chambers and all the 
various ancillary histological, biochemical, and conditioning laboratories 
that could be required, at least for studies in the microwave region. The 
issue of determining whether or not there is a biological effect at relatively 
low levels below the 50 to 100 mw/cm4 levels which constitute directly 
observable hazards is not limited to the question of the special signal. 
Failure to have absolute scientific evidence of the presence or absence 
of an effect and its threshold region can leave the U.S. vulnerable toa 

‘ GY siisisreseins: the use of surveillance radars foreign and domestic, 
military and civilian, as well as highpowered communications equipment. 
A possible public and consequent Congressional reaction on scare material, 
particularly if encouraged by inimical forces, could result in @ catastrophic 
impediment to the use of various equipments essential for the national 
security. 


it would appear that the problem should be viewed on three 
security levels. First, the compartmented signal and data derived from 
it should be put aside under adequate security protection for the present; 
if there is to be any understanding of this,the present program is probably 
wrong to start with. 


One should start with an examination of various basic wave forms 
and then the combinations resulting in possible intermodulations and 
demodulations by biological tissue. A program that might look at possible 
behavioral implications from the point of view of a weapon or interrogation 
device could be handled on a SECRET level. The more pressing issue is 

. the safety problem and that could be handled on a CONFIDENTIAL or OUO 
level during acquisition of data with eventual declassification as the goal. 
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As an example of a protocol one might consider starting at a fairly high 
level, 10 or 20 mw/cm2 then looking at 5 mw/om2 and 1 mw/cm2 for cw, 
and 50%, 1%, and 0.1% pulsed duty cycles with equivalent average power. 
I do not mean to imply by this that either I or ARPA should design the 
experimenter's protocol, but rather that one should start with a level high 
enough to get some observable effect and then continue to look at real 
world levels and modulations. The new facility is certainly adequate to 
handle the microwave problem, still leaving currently urgent problems of 
ULF and HF/VHF. : 


The important objective now should be to determine at what level, 
modulation,and exposure regime (chronic, intermittent, etc.), a biological 
effect as distinguished from a hazard exists. These two terms should not 
be confused. If an effect is observed at that time an adjudication of 
various operational situations should be made to determine what hazard, 
if any, exists. 


uel Koslov 
Research Council 
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Walter Reed Army Institute of Research *UNCLASSIFIED® - ~ OCT 1978 
‘Walter Reed Army Medical Center mete 

Washington, D.C. 20012 Dir ee 
Dear Bill; 


Reference te made to your letter, dated 10 September 1969, 
Fo and to our mebeeree conversation relative thereto. 


7 ©, A aw result of your letter, our recent conversations, and events 
: in the Pandora program leading up to cur exchange of ideas; I have 

tried to herein summarise those management policies, actions, and 
program directions we have both dlecussed and mutually concluded 
would represent important management steps to take to assure the 

-. guccessful conduct of the Pandora program. If you agree with the 

|. folowing approach, I would like to suggest we use this memo as 

the basis for a joint "Letter of Understanding" in the management 

of the Pandora program. 


..  Besommendatione: 
oy 
ie & WRAIR: tt has become essential to conduct the Pandora 
“program under the WRAIR organisation (providing you can arrange it) 
~ gubjecting it to all of the management controla, techniques, and policies 
~ _- you have set up for the normal conduct of projects under WRAIR. I 


gies fally concur in this step and completely support it as an excellent 
management move to take. Ihope you can convince your management 
‘ef the necessity for thie and I will sselet you in any way you sce fit. 


_ &° Security: I believe the need for a major revision in the Pandora 
_ program security, contro}, and definition in view of the present status 
FR and future tests planned is essential. I suggest the following new 
oF en2. “guidelines”. if you agree, I will proceed to obtain validation of them 
from appropriate encathy authority. 


ratay, The original purpose and background leading to the initiation of the 
'- Pandora program including the exact data on the special signal and 
its history must be continued at a TOP SECRET- Limited Distribution 
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Mr. Rubenstein 
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(TS-L5) level. Specifically, the electromagnetic wave form data 

and the specified data on the three different modes of the apecial signal 
(only one of which we have simulated and used to date) is to be held at the 
TS-LD security category. The history and the background infor- 
mation on the special signal ia also to be held TS-LD. The fact, 
however, that ARPA-Walter Reed is conducting research using low 
level microwave environments on monkeys and in a test chamber is to 
be considered unclassified. The data derived from all experiments 

in the microwave facility ia to be considered unclassified. This in- 
cludes data obtained with the special signal providing the detailed 
wave forma of thie signal and ita structure are not revealed since 
they are TS-LD, The fact that experiments are being run at levels 

of 4.5 mw/em™ and lower for both CW and medulated wave forma is 
unclassified. The facility and all teat instrumentations, equipment 
contained therein, and data derived from the planned man experiments 
are unclassified except when the character of the special signal and 
the detailed information of the signal's structure and characteristics 
are to be revealed. Unclaseified information on the microwave 

signal used for experiments with the special signal will be limited 

to the fact that the level is 4.5 mw/cm”“ and below and that it ts a 
modulated complex signai wave form. Surnmarizing the suggested 
security policy for Pandora: 


{i} The original purpose and background history of the initiation 
of the Pandora program and the exact data cn the apecial signal must 
be continued at a TS-LD level. 


(2) The project at WRAIR will be unclassified ~ with the exception 
af (1) above. 


(3) The fact that WRAIR is carrying on oxperimentations in 
low level microwave radiation is unclassified. 


(4) The building and microwave test facilities at WRAIR are 
unclaasified. 


{5) Results of tests are unclassified even thoge results obtained 
when the special signal is utilised providing the special signal is not 
identified beyond what is stated previously. 


(6) Analysis of the data Including the raw data obtained from 


experiments is unclassified ~ aven that of the special signal providing 
the special signal itself is not identified. 


(7) The "man" experiments will be unclassified with the 
previously stated ground rules relative to the special signal. 


It ia thought that WRAIR and ARPA can readily support and 
explain their reasons for conducting the Pandora program based 
on exploring whether or not anlmals or men subjected to low level 
microwave radiation may be affected to where temporary performance 
degradation ia experienced even though thie effect is recoverable 
to those exposed. 


ARPA Advanced Sensors unclassified interest in the support and 
conduct of the Pandora experimental program centera around the 
fact that the Department of Defense has a larger number of radar 
systems of both low and high power where peraonnel are performing 
important functions in the radar environment. The degradation in 
human performance, if it occurs, under low level exposures over 
prolonged periods, could affect the operators and thereby affect 
the overall systems performance and efficiency while the effects, 
if they exist, must be explored. ARPA/AS clageified interest in 
the program remains the same and is still under the R&D TOP 
SECRET-Limited Distribution Category. 


c. Visite - the necessity for controlling visits to the Pandora 
facility is recognized as an essential atep in maintaining good 
program management. Uncontrolled visitors not only consume 
valuable time but may go away with information on the results of 
raw test data that has not been analyzed and as such, if reported, 
could misrepresent the true experiments being conducted. Accordingly, 
I would like to suggest with your concurrance that your office ba 
the control center for all visite to the Pandora facility at Walter Reed, 
These visits should be mutually agreed to on the part of both our offices 
as to visitors "need-to-know", timelinees and scheduling. I look 
to you to assume thia focal point of visit control for the program. 
Included are visits by committee members, by IDA personnel, ARPA 
personnel, and all other outsiders. 


d. Relations of the Scientific Advisory Committee with WRAIR-~- 
ARPA/AS + ARPA/AS views the formation and operation of the 
Pandora Scientific Advisory Committee to be an essential part of 
management inputs needed for the overall Pandora program and 
ite relationship to other US Government activities in this fie]d. 

I know you also feel that thia outside, objective, professionally 
competent, committee is a valuable management tool for Walter 
Reed as well as ARPA. Several ad hoe panels have been formulated 


“ee | 
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within the Pandora Scientific Advisory Board to review certain 
findings obtained to date inorder to reestablish valid, technical 
criteria for conclusions that might be reached. The first of these 
groups, to be headed and chaired by Dr. Kubis, will be charged 

with determining whether or not the data can support that there 

have been microwave effects obtained 90 far in the Pandora program. 
This step is essential, aa you have already concluded, in revali- 
dating any conclusions that might be reached to date. Before this 
group can function, it will be necessary to have Dr. Kubis ait 

down with you and explain his method of approach for the review 

of the data and obtain your assistance in ite methods and in carrying 
it out. This same procedure will be followed with any other sub 
panel that the committee advises in any other area, i.e. the question 
of the signal. As we discussed, l concur in your establishing an 
internal WRAIR Scientific Advisory Board to maintain a continuing 
technical review of the Pandora experiments already conducted aa 
well as experimente to be conducted by WRAIR and all of its 
subcontractora. 


Any committee action requiring participation with WRAIR 
personnel and all relating data from experiments in the Pandora 
& program will be coordinated and arranged through your office 
prior to any actions being undertaken. 


e. ARPA/AS WRAIR Relations - I have found our written discuasions 
and program review to be exceedingly valuable to me in the future 
planning and conduct of the Pandora program. I would suggest that 
you and I arrange a monthly meeting to provide orogram review and 
take any actions that may be necessary. 


I believe the suggested management changes in the program for 
the conduct of Pandora outlined within to be mutually beneficial and 
will result in providing a wide base from which to work in conducting 
these moat difficult experiments. 


Richard S. Cesaro 
Director 
Advanced Sensors 
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ON THE EVALUATION OF DATA ASSOCIATED WITTE PATDORA 


i] Section 1: Introduction 


BACKGROUID 
In a letter dated October 29, 1969, Drs Iysle If. Receroor ait a 
to help in "developing criteria for the evaluation of data lee she ais ae 
with Pandora." I agreed to talk with the praject DGS Oe and 
whatever records were available, and prepare a report of my Lincance 
recomendations. : 
My purpose in meeting with these intimately connzeted with oe as 
was to solicit ideas on how they felt the data should be CVALUALGls -_ 
examination of basic and derived data was not only to gain ee 
standing of the analyses already made but also +o recomend accltLor 
procedures the structure of the data might suggest. 


: evr ions TI 
Finally, I suggested that whatever findings and cee 
would make be reviewed by Dr. Peterson, whe with the pgseuaae ae 
Dr. Pollack, would decide whether further effort on my part Wo 


desirable, 
@o= 
: . yastence 
{ne underlying problem which led to this report wag ig write by 
of two different approaches to the analysis of Pandora til ‘a ais 
Dr. J. Sharp, the other by Maj. J, McIwain. In iv. sere earlain 
although most of the experiments produced negative ae wes restive of 
} ppaces) are wht” : 
aspects of the data (IRT changes and work stoppaces nat sone changes 


¥ ipnal. Adsdtsiny 
an exposure effect due to the WRAIR signal at a ia 
tre data to seriously 


in the animal's behavior could not be explained by artifacts, 
believes that there is insufficient consistency 1% SLA AN eee 
entertain the notion of an exposure effect duc to the special Will signal. 

The evidence adduced by Dr. Sharp was a series of ;zapho and * 
cataloguing of the instances of work stoppages atiributes pee ae 
signal.Haj. McIlwain's position is that there are clerical i Maisto 
of the graphs and that the sequence showing 4 Shiss im ue Sanbed graphs : 
is a function of the days selected for grapning. ie has pr SE DbEuenee 
from baseline periods that ere similar to the prapes in ee then could 
As for work stoppages, Maj. Me. Twain noted that 4 nuaber 0 iss hai fink Such 
be associated with mechanical and other failures. se ieee evens 
difficulties limit interpretations, Dr. Sharp bel=cves bi” ~ 
runs that are artifact-free and that these should underce Ave 
analysis. 
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. VISITS: 


Appointments were made with the following individuals associated 
with Pandora: 


Gol. J. Brady Col. W. Meroncy 
Col. E. Buescher My. A, Rubenstein 


Mr. R. Cesaro Ir. J. Sharp 
Maj. J. MeDwain : 


During these visits a number of reports were examined as well as 
the basic and derived data from the experiments. A description of the 
visits made and the materials examined may be Yound in penne A 
and D. 


Section 2: Cormonents.of the Problem 


As stated in Section 1, the problem seems simple enough. Lowever, 
it is embedded in a mosaic of corponents, which, if clearly understood, 
will place the problem in proper perspectiva. 


PROJECT AS A WEOLE 


Essential to a proper evaluation of the problem is the consideration 
of how the project as a whole was viewed. Dr. Sharp interpreted his task 
2S exploratory in nature -= a series of pilot experiments to search for 
leads that might prove fruitful in a more extended research effort. An 
examination of the emeriment protocols does support this interpretation: 


- Many experiments were tried, many conditions were tested, and many changes 
in procedure were introduced during the experimental program. 


The inevitable outcome of a pilot program is an accumulation of a wide 
diversity of data, fractionated into blocks obtained under various 
combinations of conditions. Experimental outcomes, uncontaminated by 
changes in condition or possible influence of several factors, are hard 
to come by. ._ A particularly pertinent example from the Pandora experiments 
may be found in Appendix C. 


A second consequence of a pilot program is that conclusions cannot be 


asserted with preat confidence because of the limited number of observations 


that are available, Statistical tests performed on even promising segments © 
of data might very well lead to insignificant results because the sermple 
size is small, 


From the nature of the case, then, the conclusions generated from the 
Pandora experiments at “RAIN must be considered as tentative and surcestive 
except for sepments of data sufficiently numerous and free from the 
contaminating effects of changes in ccndition or intrusion of uncontrolled 
factors. 
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PROGEDURES UTILIZED —__aabbeme 
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’ | The WRAIR experimental prorram contains an imaginative complex of 
prosedures which tap various behavioral functions that are uni. quelly 
packaged into a vell-motivated work day for the monkey, A deseription 

of the various "jobs" comprising the monkey's work day may be found in 

Appendix B. 


As structured at present, the exnerimental program generates: data from 
the sane monkey exposed te a variety OL Comb Gions. 2. 62205 es ce eee ee 
A erg ak Cee ene: OA times he is exmosed to a signal, at tines 
not. Each monkey is his own control. This is an efficient desifn provided 
that a minimally varving baseline can be achieved, that the baseline is stable 
over relatively long periods of tine, that the behavior observed is sensitive 
to the cxperimental rintrusion, " and that strict control over most of the 
confounding conditions can be maintained throughout the experiment. When 
these conditions cannot be easily met, the design can benefit anpreciably 
from the inclusion of control subjects. 

From an interpretative point of view, it is felt that the results of , 
the Pandora experiments would have been more discriminative with the 
addition of control animals. in perticular, it would have been desirable 
to control for the effects of "isolation" and “confinement." Over a long 
period of time, say several months, it is possible that continued. 

isolation and confinement covld bring about an SEeovee: temporal pattern 

in the monkey's performance. 


One further point about procedure. The complexity of the present 
task routine makes inevitable a long turn-around-tine for a Single 
animal. He reauires a long training period and is subjected for a long 
time to a stimmlus whose measurable effect may be long delayed. Inevitably 
this means that the experiment is based on a small s mplle with an effect 
that may be weak or ephemeral. In turn, this leads either to very Lircted 
generalizability or to inconclusive statistical results. At worst, it 
could lead te accepting as sipnificant results that reflect long-range 
and unlmown fluctuatiens in the animal's condition in no way related to 
the exvsrimental signal, Expanded facilities, of course, would help since 
more experimental and more control animals could be used. In addition, 
the use of tasks or animals with a shorter twmn-around-time showid also be 


considered. 


2S IN TEST CONDITIONS AND BASELINE 


As mentioned earlier, test conditions were changed relatively 
frequently. Some changes were due to limitations of test facilitics, for 
example 3 having the animal tested or trained in the "ice box" and then 
tested in the anechoic chamber. In other cases, changes vere introduced to 
determine if a facilitating or debilitating effect vovld ensue, as, for 
example, changing the character or strenvth of signal exmocure, In any 
event, the greater the number of chances in conditions (especially if used 
in combination), the smaller the chances that an adequate hascline would 
be obtained to test for the specific effect under consideration. 


Re 
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AS illustratea in Apnendix C, the animal was exposed to a number of 
. , aiffering conditions in various combinataions within a relatively short 
‘period of timo. These were: night va day work, alone vs with another 
- animal, "lee box" vs anechoic chamber, WRATR signal on vs HRAIR signal off, 
@ new chair, new lever, now speaker vs old chair, old lever, old speaker. 
Good baselines for testing the effects of all these changes might prove 
impossible of altainnent. 


Adequacy of baseline is a serious but not hopcless problem in the 
WRAIR experiments. The basic shortcoming is. that the number of observa~ 
tions for the appropriate baseline may be small. 


MALFUNCTION 'G SYSTEM ; 


The usual mechanical difficultic. were experienced during the course 
of the Pandora experiments: feeder j..u, exviy feeder, ink failure, etc. 
Power fluctuations and circuit malfunction also occurred. 


One of the obvious results of such malfunction is less of data. The 
problem, however, is more complicated. It is very likely that the finely 
trained animal may have had his habit patterns disturbed because of the 
inappropriate cues or inadequate food rewards. IJis "confusion" and 
altered motivation may have affected his behavior for the remainder of the 
day and possibly for a day or more after the malfunction. ‘The fundamental 
questions are: Subsequent to the identified malfunction, how much data 
should be discarded as umreliable? How reliable is the data immediately 
before the difficulty was identified? 


@ Relevant criteria for these situations may have been developed by the 
laboratory in the course of its experience. In any event, an informed 
opinion to corroborate the adequacy of such criteria should be obtained 
from an outstanding expert in the ficld of animal experimentation. Tt is 
suggested that such information be obtained from Col. J. Brady. 


HODELS AND ANALYTIC PROCEDURES 


Interpretation of data is strongly connected to the model assumed to 
nderly the data, imilarly, the model wi to determine the charact 
underly the data, Similarly, the lel will tend to determine the charactcr 
and direction of the statistical procedures one would emolo: to analyze 
the data, As a simple example, the model may specify that the exnosure 
Signal enhances the functioning of ths organism, or that it causes a 
deterioration in its functioning, or that it cnhances some functions and 

2 
brings about a deterioration in others, or that it has no observable effect 
rss 3 = 
at all. 


fhe analysis and interprotation of the Pandora experiments will 
depend, then, on the characteristics of the model one censiders appropriate 
for the data, For examnle: Is the effect cumulative (or non-cumllative)? 
Is the effect reversible (or irreversible)? Is the effect enheneral, so 
that it is generally observable only under direct exposure? 
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But a3 one tceevs more and more bypotheses wit. che samo set of data, 


*. one’ Aust take into account that the level of significance for ths 


‘statistical tests is no longer the conventional one agreed upon, Ina 
‘similar vein, as one tests more and more relatively independent variables 


within the sane experinent, one is likely to obtain some results that 

seen to point to a statistically simmificant effect when, in reality, 

there is none. This is enalogous to the traditional urn problen 
(containing, for exarple, 95 white and 5 red balls) in which the probability 


.of picking a red ball in one draw is 0S. Yet the probability of 


obtaining a red ball increases rapidly as I make many successive draws 
from the urn (replacement modcl). 


The Pandora experiments reflect a multivariate model embedded in a 
time series. Although the multivariate time series model is not 
recommended for the present set of Pandora «periments, sons thought 
might be given to its use when a crivcal aud definitive set of experiments 
is decided upon. : 


Section 3: Recommendations 


THe BASIC ISSUBS 


Work Stoppage. A relevant scale needs to be developed for the application 
of this concept. In Maj. HcTiwain's analyses an animal vho "stopped vork 


and did not recommence within ten minutes of the end of the day" is said 
to have engaged in a work stonpage, As used in a nominal-scale situation, 
a work stoppage of 11 minutes is equivalent to one of several hours, 


It is recommended thet the distribution of the lengths of work 
stoppages be compiled so that the parameters of the distribution cen be 
estimated. This should help in establishing a weighting vrocedure which 
would give more weignt to longer than to shorter work stoppages. (Often 
in the case of time variables, a logarithmic transformation provides an 
adequate solution.) 


IRT Distribution Shift. In his presentation of a series of overlays 
{exposure data) compared to a distribution of baseline data, Dr. Sharp can 


be challenged concerning the criterion he used to select his time points. 
If this criterion had no theoretical justification, then distributionsat 
other time points could have been taken just as well. What Ir. Sharp 


_ wanted to show is a global trend of the distributions without the necessity 


of processing all the data. Maj. Mcllwain's "counter exarmles" taken from 
baseline data, though pictorially effective, may suffer fron a similar 
selection bias, 


Two analytic approaches seem to be feasible: 1) studying the chanze 
in the distribution as a whole over time; 2)utilizine several appropriate 
parameters of the distributions and studying their trend over time. 


A first approach towards evaluating the change in the distribution as 
a whole over time might consider fractionating a time period into successive 
segments and then constructing.an "average" distribubion for each serment. 
the differences between distributions covld be tested by a Kolmoforov-S:sirnov 
type of statistic. ‘This test procedure could be improved by the develomaent 
of a Studenticed range type of statistic for total distributions analozous 


re ae ce a a a ar 2 he ad 2 eh ee eee 


to that developed sor the cor:arisons anon treatment menns.. lore 


‘+ ponerally, a time series solution to problems of total distributions would 


“be required. 


In the second approach mentioned above, several basic paraneters vould 
be estimated Lor cach distribution at each time noint. The median and 
interquartile ranre vould be appropriate. The distribution of these 
statistics over time vould be availeble for analysis. Often cnoursh, the 


‘hypothesis under test is relatively simmic, as, for cxanple, that the 


median (or interquartile rance) increases over tine. Curve fitting - 
procedures could be used to test this or iszore complex functions. Orthogenal 
polynomials also could be utilised in testing for trond. 


Either of the two approaches shold be used. Of these, the trend 
analysis would seem more feasible, at least cuitially. The statistics 


‘(median and interquartile range) are cvaileble and the test procedure is 


characterized by ease of computation ond in torpretation. 


BASELINE PROBLUYS 


From on examination of the data and the graphs based on the data, it 
would be a questicnable procedure to use many of the original baselines to 
evaluate the effects of the WRATR signal. For oxamole, the baseline 
develoned in the "icebox! is not relevant to test for the effect of the 
Signal in the anechoie chamber. Similarly, a baseline develoreda on a 
night "shift" cannot be used to test the effectsof tho WRAIR signal given 
during the day. Discouraged by the vroblen of an adequate baseli 
Maj. MeTivain has refrained frem using baselines in his analyses of the 
exposure periods. ; 


It is recommended that the initial period of orientation to an 
change in condition be considered as a sovwce for baselines data. For 
example, after transfer from the 4icebox" to the anecheic chamber, the 
animal is usually tested for a munber of days without exposure to tne 
VRAIR signmak. A portion of this adaptation period, once the perturbations 
setile down, could be used as the base ageinst which the effects of the 
Signal should be evaluated. Despite the fever neanber of points availaole, 
they showld be used as baseline data for the particular comparison under 
consideration. 


The issue pointed uo in this discussion is that thore is no goneral 
baseline for all combinations of test situstions, Changes in test 


situations seem to produce more pronounced effects than exposure stimuli, 


DIVISION OF EXPOSURE FERTOD 


In the extant analyses, Maj. MeTlwain has divided the exnosure 
period into tio equal segments, Ne has reasoned that if the effest is 
cumulative, the averare value of the tyvo serments should differ -~- the 
greater effect being observed in the second half of the exposure pericd. 
fhis analysis loses some valuable inform:tion. In tho first place it 
gives no information about the comparison of the exnoswre period with the 


‘ pasoline period. Secondly, it masks the trond of the effect over time. 


‘it is recommended that the exposure period be divided inte more than 
two sognents. In particular, since 1t is anticipated that the new bascline 
periods will. not contain many points (confer discussion in the previous 

@ section), it would be advantarcous to divide the exoosure period into 
segments cqual in size to the baseline period. fhe analyses > non- 
parametric analogues of analysis of variance, will have the following 
advantages: (1) a comparison with baseline data will be Beasts and 
(2) a trend would be more discernible and casily tested, ae 


STATISTICAL CONSIDERATIONS 
' ‘ 

Where lypothesis ara specific and direci onal, one-tailed tests 
should be used. The possibility of an enhanz ement. effect on some 
functions under exposure should not be disestmted. ‘Two-tailed tests in 

| these situations would leave the issuc oper. ended, 


It is recommended that the personnel at WRAIR continue using non- 
parametric statistics wherever feasible. These are the statistics of 
choice since the distributions of mamy of the statistics used in 
behavioral measurenents have no mem paranetric representation. ee ; 
they have good efficiency and they are simply and easily calculated 


It is also recommended that these calculations be done by clerical 
Peer trained and supervised by Maj. MeIlvain, 


@o~ AND Gon SULTARTS 


It is urged that the onerational definitions of relevant concepts 
(ex. pause ) » the specification of models, evaluation of effects of 
malfunction, rejection of inadequate data, and other such problems be 
discussed with the expertisa available in-house at WRAIR. In particuler, 
the services of Col. J. Brady should be secured, since he is an out-~ 
standing authority in behavioral metters, especially those pertaining 
to animal behavior. 
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APPENDIX A 
} | DOCUMENTS AND MATERIALS EXQINED 


I MR. R. CESARO'S OFFICE 


A. Reports of Dr. J. Sharp to ARPA : 
1. yo basic serics of graphs. These were presented at the first 
_ briefing Dr. Sharp gave to the Co:xmitiee late in 1968. 
2. Method rationale. 
3. . Work-stonpa;-e descriptions 
hk. An overall description of the behavioral program. (Confer section 
relating to Dr. Sharp). 


B. Reports of lir, Cesaro based on Dr. Sharp's reports 
These included reproductions of the graphs and renresentative 
Summaries of the substantive material in Dr. Sharp's reports. 


IT WALTER ROSD - FOREST GLEN 


The materials consisted of 8 note books containing original and 
partially processed data obtained from the various e:meriments associate 
with Pandora. These fell into two classes, four notebooks in eech:: 

Basic Data Note Books and Data Analvsis Note Books. The latter group, 
5 See eee ae ne PST ae | . 
@ prepared by haj. iclivain, contain a carerul and thorough analysis of much 


of the basic data in the form of graphs and statistical tests of 
Significance. 

Maj. McDiwain is contimiing the analysis which, at present, is 
emphasizing comparisons between the first and second halves of the 
radiation period. The model under analysis essumes the accumulation of an 
effect. over the radiation. period; wll. 21) ef fans feck eanlie 22 is 


Butiurci..: puaaw. With the effect increasing as the radiation continues. 
Maj. McIwain feels that, because of varicus technical changes end 

ditficulties, the pre~radiation baselines do not meet stringent criteria 
for adequacy and, consequently, have not been compared with the radiated 


periods. 


+) 
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A. Basic Data Mote Books 


1. D51 Reaction Time 
Contains data from monkeys 682, 683, 782, and 783. ‘There is 
some processing (data poduetion) in the form of means, medians, 
variances, and interquartile ranges. 


2. DS3 Hniltinle Schedule Le (Pook 1) 
Data book for animals 1/6, 216, 397, 673, and 98. It is indi- 
catcd that non-exnosed anes 016 and 98h died. There is 
occasional data reduction in the form of Q. 


@ 3. Doh Multinle Schedule (Rook 2 


ata book for anirais ib, 673, 681, 700 and for tho tio non- 
exposed animals, 111 and 675, uho dica during the experiment. 
There 13 some processine of the data in the form of madian and Q, 


a hese 2 GUL. second Run 
“ Reports data obtained during the poriod 1 April 69 to 13 July 69. 
Reduced data is presented in the form of @, % » Q3- 


B. Data Analysis Note Books 


1. 15h 
History of monkcy from April 66 to May 68. Eook contains old 
data and old graphs tocether with new craphs and a large munber 
of statistical tests usually comparing the first half with the 
latter half of the exposure period. 


2. 673 
History and analysed data from 3 Feb. 65 to 20 Oct.67. This 
animal worked under a large number of stimulating conditions: 
CH, the WRAIR at .cO8, .0l, .1, 1.0, and Sres/em*. 


3.° 681 
History and analysed data from 30 Aug.66 to 13 July 69. 
Rr. Sharp's graphs are compared with overlays prepared by 
Maj. McTlwain; and Dr. Sharp's overlays are compared with 
contvol data, 


lh. ¥700 

* 
Data, graphs, analyses, and statistical tests for V700. ‘so 
contains data from 663; but this- data was not subjected to 
Statistical analysis. 


II DR. J. SHARP'S OFFICE 


The last document prepared for ARPA by Dr. Sharp vas completed around 
October 1969. It gives a succinct and clear summary of the types of 
experiments he performed, the results he obtained, and the recommen- 
dations he made. Most of the results were negative. Howaver, tio 
phenomena -- work stopnace and IRT distribution shift -- were suggestive 
of an effect due to radiation. "While the earlier stonoazes may have 
been questioned as related to an texmlainable! artifact, the cumulative 
evidence stronczly suggests caution in «accepting this interpretation. In 
addition, an insrection cf the then old data strongly sugested to me 
that the inter-response time (IT) data fron the DRL component was shoving 
a shift from the ‘base-line! level to a slower performance pattern 
followed by a return to ‘base-line! upon cessation of exposure." 


Dr. Sharp suggests that these preliminary findings be checked out on 

more monkeys and in other laboratories, For the data at hand ne recommends 
me use of a baseline utilizing "all data generated after training and 
before exposure ..." a 
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APPENDIX B 


TASK SEQUENCS DURING ANTNaAL'S WORK DAY 


Time Linits Revard (Faod) 


fyele | Sequence Task Hinimal Exmected (un. Exp, Pelicts Qunlated 


a 


3; 


h. 


1 TO 10! y2! 121 me 

2 FR 10! 1s! 27) 5 5 
3 TO 10! 121 391 men 

A DRL St 20! Sg} 5 10 


5 TO 10! 121 121 = 


6 PR ete... 


TO: Tine Oat Per ‘iod (with Delay Continrencs ry. he animalts work dey 
begins with tae FO Pp period unich fin chacactoris6a ad by a 3,300 he tone. 
His task is not to resnond during the 10 minute peried. If he does 
respond Grith a bar press), the timer is reset end the 10 minute 
period begins all over again, If the animal does not respond for a 
completes 10 minute period, the tone goes off and a red light cases on 
aS a signal. He is then in the FR pericd. 


PR: Progress: ive Ratio Peried. The animal now has to complete lO bar 
presses to Garn oné peliet o: food. When this pellet is she hae he 
has to cress 80 times for the next vellet; 160 times for the third 
pellet; 320 times for the fourth pellet; and 610 times for the fifth 
and last pelbet in this phase. ‘When the animal earns the fifth pellet 
of food, the red light (PR signel) goes off and the 3,300 hz tone 

(TO signal) comes on again signalling the animal that he is again in 
the TO period, 


20: Tine Cub Period (ith Dolev Contincericy). His task, as before, 
as to refrain from responding (bar presses) for a period. of 10 minutes 
As he completes this TO phase successfully, the 3,300 hz tone changes 
to a 1,400 hz tone. This new signal alerts the animal that he is in 
the DRL period. : 

DRL: Differential Reinforcement (lou Rate rte) Period. In this phase 
Gho animal is to delay nic response, a bor press, for a minimum of 50 
seconds. A resnonse piven before the termination of the 50 second in- 
terval would reset the timer, starting a new SO second interval during 
which the animal hed to refrain from responding. 


If the animal did delay for 50 seconds and then made his response, 
either of two events eccurved: there was a brief flash of light to 


PEM OM Ee ee eee meee 


* 


' indicate that his response uas adequate or he received a polict of food. 
a She relative frequency of light to food vas 2:2, proprammed by a 
probability generator. fms, one third of the correct responses vere 


@ , revarded with food. 


This procedure continued until the aninel received a total of 5 pellets 
in this (DRL) portion of the cycle. Oa the average, then, there vere 
15 successful responses during a DRL session and 5 of these vere 
rewarded by food. 


After receipt of the fifth pellet the 1,00 he tone (DRE signal) 
chanped to one of 3,300 hs (7O signal). This signal indicated to the 
animal that he was then in a TO period. 


5. #0: Time Crt Period. (This init’ ated the second cycle, identical te 
' he one completed as Step h above. Such cyeling continued “until the 
animal received its daily food raion ::' until 10 hours had elapsed.) 


OP MENTS ‘ 
1. One cycle is approximately one hour in duration. 
ot fF 


2. The monkey's weicnt determines the nurber of pellets assigned for his 
daily ration. These could range, roughly, from 70 to 100 nellets. 


pellets) could be exmected to finish within lo hows. It also 
+ 4 


follows thet the monkey with the liehtest work load (required te 
earn 70 pellets) would be exnested to work about 7 hours per dey. 


© 3. Thus, the monkey with the heaviest work load (required to earn 100 
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Si APPENDIX C 


@ EXAMPLE ILLUSTRATING CHANGES 
DW TEST CONDITICUS 


(Animal #681) 


Place of Time of Alone or 
Time Epoch Testing Testing with Others Other Conditions 
liFeb ~ 11Mar "Icebox! . Day ) Alone 
12Mar - 3Apr Anechoic Night ; With #673 
Lior - lay Anechoic Day Alone New chair, now lever, 
: new speaker 
(QQiApr - Liay) WRAIR Signal 
2Hay - 25iay Anechoic Night With #673 _ 
llvay. - 6June Control 
® -~ 6June "Icebox! Alone 


1. In order to indicate the changes made in the environmental conditions, 
the time epochs, as presented, necessarily overlap. 


2. <A large nurber of conditions were varied during the testing of this 
animal: "icebox" vs anechoic, day vs night, alone vs with another 
animal, WRAIR signal ON vs WRAIR signal OFT. 


3. As a result, one could not attribute an effect to a single factor 
uncontaminated by changes in test conditions. 
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@ AND CCMMISNTS 


3 Hovembcr 1969 R. Cesaro, A. Rubenstein (Pentagon) 


Bnei he 


aS: 


1. 


2. 


3. 


Me. Cesaro ureed a thoroursh exwdination ‘of the data to determine 
what additional analyses vere necessary to clarify the eritical 
issues in the probicen: 

a. whether an cffect had been taba 

b. whether any of the approaches used showed any promise. 


Mr, Rubenstein sugrested a uc. cprehensive analysis of the baseline 
data and the development of -odels for the evaluation of an effect. 


ARPA'S file on Pandora was made available for examination. This 
included the progress renorts and graphs prepared by Dr. Sharp 
and other administrative reports prerared by Hr. Cesaro utilising 
De. Sharp's material. (Confer Appendix A) 


E 


1h Movember 1969 


Col. E. Buescher, A. Rubensteiz n (Welte r Reed) 

a. Col. Meroney could not a ste sald tie seeting but appointed 
Col, Buescher to resresent him. 

b. The purpose of my visit wes discussed with Col. Duescher 
who assured me and bir. Rubenstein that there vould be full 
cooperation from Valter Reed personnel. . 


Col. E. Buescher, A. Rubenstein, Col. J. Brady, Kaj. J. HcTlvai 
(Walter Reed). 
Col. Brady and Maj. NcTiuain joined the meeting and vere 
briefed on what was discussed. They indicated that they 
would help in any vay they could. 


Maj. dg. MeTluain (Walter Reed; Forest Glen) 
In this me ores Haj. He Tiwain presented the various 
analyses of the data he had completed. 


20 Noverber 1969 (alter Reed, Forest Glen) 


This day was snent exmminine the data obtained during the various 
exmeriments associated with Poidera, The basic data, the derived 
data, the eranhs and tests of si ificans e were included in eight 
(8) DATA OYE BOOK (Confer Appendix A) 


i. 


2h, November 1069 J, Sharp (Albany) 


Dr, Sharp stressed the fact that the series of exmerinents 
conducted by him ire preliminary in nybure -- pilot experi- 
ments, Consequentiy he camridernd kis reports on these 
emerinents as indteatiag provocalive not definitive trends. 


oar ee a ot eee a 2 “: MR en nee at nn ee 
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& felt that some of the runs which were froe of artifacts 
pointed to INT changes and Work Stoppares as possibly due to 
exposure, These, ha sugested should be carefully analyned 
and replicated, if possible, by independent investirators. 
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Minutes Respectfully Submitted by Lysle Peterson, Chairman 
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MINUTES OF PANDORA MEETING OF JANUARY 12, 1970 


Meeting Convened: 0930 
Meeting Adjourned: 1600 (approximately) 


ee 


IDA Rm. No.: 10KS5S 


Attendees: 

Science Advisory Committee Walter Reed Army Institute of Research 
Dr. Joseph E. Barmack Colonel Joseph V. Brady 
Dr. James N. Brown Dr. Thomas W. Frazier 
Dr. H. Allen Ecker Mr. T. Daryl Hawkins 
Seneral Carl Hughes Colonel Merrill C. Johnson 3 
Dr. Joseph Kubis Major James T. McIlwain 
Dr. Lysle H. Peterson, Chairman Colonel William H. Meroney 


Jr. Herbert Pollack, Secretary 
Dr. Lawrence Sher 


Mr. Albert Rubenstein, ARPA 


abs Mr. Richard S. Cesaro, ARPA 
Dr. John J. Collins, (CNO), USN 
Mr. H. Mark Grove, Wright~Patterson AFB 
Mr. Harris B. Stone, (CNO),.USN 


I. Background of this Report (U) 


(S) Certain events presumed to be threatening to the national 
interest served.as.a basis.for ARPA's support of project Pandora. we 
WRAIR was.given funds and responsibility in early 1965 for research 
to evaluate the threat, since it appeared to have strong behavioral 
and biomedical implications. ‘The WRAIR charter included in-house 
and extramural contract activities. The intramural program was 
largely, but not exclusively, directed toward evaluating behavioral 
end points using the WRAIR (special) signal on primates. The ex- 
tramural support was largely biomedical. 


(S) Preliminary analyses of in-house results presented by 
Joseph Sharp of WRAIR in 1967 encouraged the belief that the 
@= Signal altered primate behavior. Moreover, preliminary ex- 
mural cytogenetic and histological studies of the brain suggested 
that comparable energies were damaging to tissue. 
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(S) The Pandora Scientific Advisory Committee (SAC) was appointed 
in 1968 to provide advice for the development of tne research program. 
The initial presentation of the in-house WRAIR data to the SAC consisted 
of the citation of selected cases and sampies of the raw data. Requests 
were made by SAC for a fuller presentation of the material, since a 
choice of future strategies and methodology depended on the validity of 
the reported findings, By this time Dr. Sharp had left the Project, and 
an effort to be responsive to the Committee was made by Dr. James Mc- 
Ilwain of WRAIR. Dr. McIlwain's analyses suggested, in contrast to the 
initial analyses, that if the signal had an effect on behavior, it was 
so modest as to be obscured by effects of experimental, procedural varia-- 
tions, which were a result of the exploratory character of the early ex- 
perimental program. Furthermore, continued extramural cytogenetic studies 
did not confirm the earlier reports of changes in tissue erEaene to the 
signal. 


(S) The apparent differences of initial and later experimental 
findings are significant from a research management point of view and 
should be assessed within the context of the following concurrent events: 


1. The realization that research in this field is comparatively 
costly in equipment and effort and that large suns of money 
have already been allocated to equip a new laboratory at 
WRAIR and at Johns Hopkins University. Further, management 
of this highly technical facility and the experimental pro- 
gram requires high level behavioral, biomedical, and engineer- 
ing capability. 


2. Definitive research in this area will also require work with 
human subjects, and ethical procedures for working MaSh hu- 
mans may conflict with security needs. 


3. The prescription against DOD support va basic research, unless 
it can be shown to have relevance to national defense and the 
recent general drying up of research funds generally. - 


(S$) In view of these considerations, research programming decisions 
are particularly dependent on whether the early WRAIR reports (to the 
effect that the signal does affect behavior} are correct or whether the 
later analyses refuting these reports are more credible. Because of 
his special competencies in statistics and experimental design, Dr. Josepi 
Kubis, a member of SAC, was asked to do an intensive evaluation of the 
procedures, the protocols, the data, and the assumptions on which sub- 
sequent interpretations of the data were made by Dr. Sharp and Dr.-Me- 
Tiwain. 


CU) What follows in Section II is a summary and elaboration of 
Dr. Kubis' report agreed upon and accepted by members of the Scientific 
Advisory Committee. : 
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II. The Committee's Resume of the Kubis Report (U) 


(S) The earlier demonstration that the signal has an effect on 
primate behavior relates mainly to the procedures Dr. Sharp applied. 
To make the allegation credible, it should be demonstrated that a 
statistically significant rather than a chance difference exists be- 
tween experimental and control conditions. Dr. Sharp's treatment of 
the experimental and control conditions can account for some part of ° 
the difference in effects. However, for understandable reasons, to 
be elaborated below, Dr. Sharp's evaluation did not adequately demon- 
strate the difference defined above. 


(S) Dr. McIlwain's treatment of the data and associated experi- 
mental procedures was detailed and critical. However, if the error 
of obscuring an effect which may be there is to be avoided, certain 
additional statistical treatments are suggested. Moreover, it is 
SACts judgment that any signal effects that can be teased out by fur- 
ther statistical treatment will, at best, be minor in comparison with 
effects generated by a host of procedural manipulations, some of which 
are intentional and some unintentional, which is characteristic of 


© exploratory or pilot studies. 


(U) The differences between Dr. Sharp's and Dr. McIlwain's analy- 
ses are summarized below under the following headings: 


A) Assumptions and Criteria; B) Contamination of the Control 
Condition; C) Contamination of the Experimental Condition and D) 
Statistical Treatment Problems. 


A. Assumptions and Criteria (U) 


(S$) Both Drs. Sharp and McTlwain assumed that the effects (if any) 
of the signal on performance would be deleterious. Dr. Sharp was look- 
ing for performance impairment on any subject and in any temporal form, 
i.e., sudden, progressive, et cetera. This approach is advisable for 
an exploratory effort. However, with small numbers of experiments, 
subjects, and varied procedures, the dragnet approach makes the investi- 
gator vulnerable to confusing a random variation with a significant one. 


(S) Dr. McIlwain assumed..in most of his analyses that the effects 
are cumulative and that performance could be worse in the second half 
of the exposure period than in the first haif. This is a reasonable as- 
sumption, but the data do not support this assumption of how the signal 
might function. The signal might indeed affect behavior and animals se- 
lectively, but if it does, then stable baselines are essential for such 
effects to be demonstrable. The lack of stability of the baselines is 


@o later. 


B. Contamination of the Control Conditions (U) 
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(u) Dr. Sharp's and Dr. McIlwain's approaches differed on the nature . 


of the control conditions employed in these experiments. Dr. Sharp 
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B. Contamination of the Control Conditions continued Cu) . : 


used baseline data obtained from all sections of the extensive ex- 
perimental protocols so long as they were "after training and before 
exposure." Dr, McIlwain assumed that with so many changes in experi-~ 
mental procedures, no adequate baseline could be established. As a 
result his analyses were confined only to the experimental condition. 
As mentioned before, these analyses rested on the assumption of a 
cumulative effect. 


‘((U) When changes in situational conditions produce. pronounced 
nonexperimental effects, it is rather clear that baselines following 
such changes become heterogeneous. Lumping them together does not 
provide an adequate base for evaluating specific experimental effects. 
Thus, Dr. Sharp's findings cannot be supported. On the other hand, 
Dr. McIlwain's negative findings cannot be entertained with confidence 
unless an analysis of available protocols is made to show that there 
are insufficient data points to provide an adequate baseline. 


(S) What is critical, moreover, is the unknown effect on base- 
lines produced by the numerous changes in the experimental environ- 

t (icebox vs. anechoic chamber, night vs. day, alone vs. with other 
@:=: et cetera). It is a problem to determine when that baseline 

Ss reached asymptote after it has been sharply shifted by the changes 
in the experimental environment. When these shifts in baseline are 
much more pronounced than any changes by the experimental signal, one 
is inclined to view the effect of the signal itself either as "subtle" 
or of doubtful, practical significance. 


(U) In addition, the cyclical nature of both the control and ex- 
perimental conditions (which is necessary when working with a single 
animal who serves as his own control) can be self-defeating if the ex- 
perimental condition produces a cumulative and permanent effect. Un- 
der such conditions the control (absence of signal) period becomes 
contaminated by the lingering effect of the previous experimental con- 
dition, thus making subsequent comparisons between the two SPNGACAONS 
nondiseriminative, 


(u) Under ‘the conditions of these experiments the problem of base- 
lines is beset with theoretical difficulties. However, the possibility 
of their use can be evaluated on the basis of the data available for 
each specifie change in environmental condition. 


C. Contamination of the Experimental Conditions (U) 


(S) Neither Dr. Sharp nor Dr. McIlwain regarded the experimental de- 
itself as a significantly limiting factor in the analyses of the 
a Dr. McIlwain, for example, divided the experimental condition 
to equal time segments and tested for differences in effect between 
the first and second halves. There is, however, a possibility of con- 
tamination of the experimental condition in terms of its interaction 
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with the changes in the environment under which the testing was done. 
Unless the interaction effect is explicitly planned for and evaluated, 
the experimental condition may be producing effects magnified under 
some conditions and reversed under other conditions so that a "dele- 
terious" effect could be inferred in the first situation and a "bene- 
ficial" effect in the second. Such paradoxical results may be the 
outcome of continued analyses where the possible interaction effect 
has not been isolated and explained. 
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C. Contamination of the Experimental Conditions continue tp” 


(U) Both control and experimental conditions could be contami- 
nated by the presence or absence of a "weekend effect," when a signifi- 
cant change in the level of the background noise occurs in the laboratory. 
The data were not analyzed to determine whether this condition affected 
the experimental and control conditions differently. Similarly, equip- 
ment malfunction disrupted performance during control and experimental 
conditions, but no statistical analyses were provided to determine 
whether this was a differentially significant constraint. 


; D. Statistical Treatment Problems (U) 


(U) Dr. Sharp's and Dr. McIlwain's approaches each provided some 
Statistical analysis of the data. Dr. McIlwain's statistical treatment 
was more extensive and utilized some relatively simple but effective 
nonparametric procedures. ; 


(S)} Dr. McIlwain seems to have shown that there are no consistent 
differences between the first half and the second half of the exposure 
period. According to his assumption that an incremental increase in 
effect should be expected, the results are negative. The possibility 
that there was an initial effect which persisted at about the same 
level during the exposure period is not to be ruled out by Dr. McIlwain's 
analysis. 


(S) There are selection and computing problems associated with 
Dr. Sharp's presentations. On the basis of these difficulties it can- 
not be asserted that Dr. Sharp had established the existence of an ef- 
fect due to the experimental signal. No written report has been produced 
by Dr. McIlwain due to the pressure of time. The conclusions herein 
expressed are based on limited visual examination of notebooks contain- 
ing such data, charts, and graphs. 


(S) From the overview available to SAC of both analytical approaches, 
SAC has concluded, regarding the experiments considered to date, that if 
there is an effect of the signal utilized to date on behavior and/or bio- 
edical functions, it is too subtle or insignificant to be evident. 


IIIT. Summary and Recommendations (U) 


(S) A. The research effort mounted by WRAIR to date has been ex- 
ploratory and consequently diffusely programmed. No definitive answer 
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to the question of whether the original signal has any effect on the 
performance of operantly- conditioned monkeys has been provided to 
date. However, since no clear and strong effects have become apparent 
with the WRAIR signal, the findings thus far can be regarded as nega- 
tive. Any plan to renew an animal (primate) study should be care- 
fully reviewed and critically evaluated by an expert scientific and 
research management body. 
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(S) B. The WRAIR signal is composed of selected components .of 
the original complex signal. The negative results may be considered 
as due to the fact that inappropriate aspects of the signal were reépli- 
eated. If additional major research were to be mounted regarding ” 
Pandora, attention should be given to the original signal. 


(S) C. Consideration has been given to the matter of planned 
human experiments using the WRAIR facility and signal. SAC concludes 
that, based upon existing information, there is no evidence that no 
permanent, deleterious effects are to be expected. Also, it appears 
that security and ethical questions have been resolved. However, SAC 

@.: concludes that it is likely tne results of human experiments would 

@ indistinct in the same way as those of the animal experiments. Thus, 

additional expensive and time-consuming human experiments might raise 
the same questions as raised by the animal experts, including the ques- 
tion of the appropriateness of the selected experimental signal. There 
are, howaver, differences between the human and primate, for example, 
the size and shape of the skull. Furthermore, it should be recalled 
that little investigation was performed in the animal experiments re- 
garding biochemical and clinical effects, The animal experimental end 
points were essentially behavioral. 


{S) D. A decision about whether this field as a whole warrants 

a high priority cannot be made in isolation from a knowledge of other 
problems involving threats to the national interest. SAC has not been 
privy to other efforts. It may be assumed that continued medical 
follow-up of personnel exposed to the original signal has been de- 
veloped, but no details on such a follow-up have been provided. There 
do seem to be certain investigations which could be performed that 
might shed further light on possible effects of the original signal. 
Tf, however, such work is not being done, we believe it useful to sup- 
port a study to consider such activities. For example, individuals 
assigned to selected posts are examined before they leave and at six- 
month intervals. The examination should include comprehensive bio- 

chemical, medical, biomedical, and psychometric performance tests that 

ould plausibly detect any changes. A control group would be essential. 
& on the basis of such a systematic study significant differences ap- 
high priority. 


ared, we would recommend the focal research cited above he given a 
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‘Mr. Richard S. Cesaro 
OSD/ARPA/Advanced Sensors 
Rm. 3E189 

Pentagon 

Washington, D. C. 20350 


Dear Mr, Cesaro: 


The minutes of the Pandora meeting of 
January 12, 1970, contain a grammatical error 
of a double negative on page 6, paragraph C, 
line 2. — : 


The sentence should read, "SAC concludes 
that, based upon existing informaticn, there 
is no evidence that any permanent, deleteri- 
ous effects are to be expected” rather than 
"SAC concludes that, based upon existing in- 
formation, there is no evidence that no per- 
manent, deleterious erfects are to be expected.” 


Yours truly, 
Pi feartyrd Chancke 


Marilyn Chanda 
Secretary to Dr, H. Pollack 
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SUBJECT: Project PAKDORA - Preliminary Agrcemcnt fer Transfer Plans to U.S. 
s Army 


Over the past four years, ARPA supported the initial research on Project 
PANDORA on a high urgency basis. During this period quick "fix" labora- 
tory facilities were procured and installed for early Pilot Experiments 

_ at WRAIR. Subsequently, ARPA provided funds for establishing a new re- 

: search facility at WRAIN for observation of biological effects caused by 
electro magnetic radiation especially those in the microwave region of 
the spectrum. This facility has a photo laboratory, a neuro-choemistry 
laboratory, a neuro=physiology Laboratory, a behavioral laboratory, com- 
puter and auxiliary software as well as other essential elements to oaks | 
out the anpertant scientific work. 


ARPA has now completed the role it normally aie dn the TOD as regards 

to new research activities. We have also observed that your interests, 
competence and participation as AMPA's Agent in this area of research, 

all indicate that you should continue te carry on future work in this 

field. Accordingly, when ARPA phases out of the project in FY-1971 it 

is proposed to transfer all the equipment and the new facilities at WRAIR to 
the U.S, Army, provided that the U.5. Army agrecs to accept the responsibility 
for the operating, the facility and for the conduct of R&D on the effects of 
Fees microwave radiation on living systems. ee a SS 


Preliminary agreement between U.S. Army and ARPA is necessary so that all 
formal action for transfer of the project and associated facilities at 
WRAIR can be effected at an early date. This document is a preliminary 
step to be followed by formal transfer. 


COORDINATZON AGREEMPt 


AK We 
Richard 5. Cesaro William H. Meroney 
_ Director ' €olénel, MC, USA 
Advanced Sensors : Director, WRAIR 


Date : 20 Mar 1970 | pate: 2D War 70 
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Agreement Transfer of Project PANDORA 


The Advanced Research Projects Agency and the Department of the 
Army have established an agreement for transfer of the ARPA PANDORA 
Project to Walter Reed Army Institute of Research. The PANDORA project 
inciudes all work executed or being executed under ARPA Orders 791, 792 
945 and 1508. The preliminary agreement entered into by Colonel William 


“Meroney (U.S. Army/WRAIR) and Mr. Richard S. Cesaro (ARPA/Advanced 


Sensors) for the transfer of project PANDORA is hereby incorporated as 
part of the final transfer plan. In addition, the following items apply: 


a. ARPA will transfer $200K in FY-71 as final funding of the oper- 
ations at the WRAIR. This will cover residual PANDORA testing, and 
other important microwave experiments on bio-life systems as well as 
the utilization of the new laboratories and instrumentation which were 
procured hy ARPA funds. 


b. The extent of the FY-70 and prior year funds committed by ARPA 
Orders 1508 and 791 constitute the total commitment of ARPA except for 
the aforementioned $200K. Any residual unexpended balances applicable 
to these Orders may be applied by the Army to extend existing contracts, 
ag necessary, or should be reported to ARPA (Program Management) for 
withdrawal, Funds committed for payment of unliquidated obligations 
against ARPA Order 792 (Electronic Instrumentation for Biomedical Tests) 
being executed by the Air Force Systems Command Avionics laboratory, 
and ARPA Order 945 (Electronic Support) executed by the Army Missile 
Command will remain at theese agencies for Support of the PANDORA and 
follow-on efforts. 


c. All equipment and facilities procured by WRAIR for the PANDORA 
Program with ARPA funds to be transferred to WRAIR. 


d. Security: Special limited distribution documents are to be retained | 
by WRAIR. At such time as these documents are no longer required, they 


shall be destroyed with appropriate accountability as set forth in the regu- | 
lations. 


e. No personnel or personnel spaces are to be transferred from 
ARPA to the Army for the accomplishment of the subject project. 
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It is agreed that funds for the microwave research on biological systems 
and the support of the new laboratory and related facilities will be provided 
by the U.S. Army in FY-1972 and beyond. 


This transfer plan shall be effective on 1 July 1970. 
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KE. Reechtin A. W. Betts 


Director 
Advanced Research Projects Agency 


15 JUN 1979 


it. General, USA 
Chief, Research and Development 
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While the public’s understanding of the effects of unnecessary ion- 
izing radiation the increased, controversy as to the effects of ionizing 
radiation at low levels continues among the scientific community. All 
of these problems should be of immediate concern to the medical pro- 
fession, the consumer, the taxpayer, and the Congress. 

Today the committee expects to be informed of the research con- 
ducted on the possible effects of nonionizing radiation on human 
health and the environment. Preliminary work undertaken by the 
committee indicates that this is a highly controversial subject. 

Today we will hear from several experts from the military and State 
Department and learn their views on the present state of knowledge, 
the research currently being conducted, and their views on the ade- 
quacy of present standards. 

Unfortunately, several experts who have previously testified as to 
findings of potentially hazardous effects are unable to testify today. 
Nevertheless, the committee is interested in hearing from all inter- 
ested parties, and if necessary, supplementary hearings on these issues 
will be held at a later time. 

The first witness this morning will be Herbert Pollack, M.D., Ph. D., 
Office of Medical Services, Department of State, Washington, D.C. 


STATEMENT OF HERBERT P. POLLACK, M.D., Ph. D., OFFICE OF 
MEDICAL SERVICES, DEPARTMENT OF STATE, WASHINGTON, 
D.C. 


Dr. Potzack. Thank you. 

Mr. Chairman, members of the committee, your letter of invitation 
stated that you were particularly interested in receiving a brief sum- 
mary of the Russian irradiation of the Moscow Embassy and a brief 
discussion of the study to be performed by the Johns Hopkins Uni- 
versity. In addition, you continued, “The committee would appreciate 
receiving my views on the current knowledge of and research being 
conducted on the effects of microwave radiation.” 

These are two distinctly separate topics, and I will leave it to the 
chairman’s discretion as to whether he wants to ask questions on the 
Moscow situation at the completion of that part of the presentation 
before going on to the discussion of the second topic. I would, in fact, 
prefer this procedure. 

Your letter of invitation was addressed to me directly and I shall 
respond in that vein. My background in the academic world is seen 
by my title of professor emeritus at George Washington University. 
I am an independent medical consultant who has been associated with 
microwave bioeffects programs for over 15 years. Because of this 
background, I am a charter member of the Electromagnetic Radiation 
Management Advisory Council (ERMAC) and continue to serve on 
this Council. 

I am not a career employee of the State Department but an inde- 
pendent consultant. The views that I express are my own and not 
necessarily those of the State Department. 

I am in hopes of clearing up much confusion and misinformation 
about this situation. 

In the early 1960’s, the Advanced Research Projects Agency of the 
Department of Defense put a requirement on IDA to review the then 
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current status of the biomedical effects of microwave radiation. Being 
the only medical man in the institute, the requirement was placed on 
my desk. My life has not been the same since. From the very first look 
at the situation it was apparent that there was an abundance of Soviet 
literature in the field which was difficult to interpret. A study was con- 
tracted to collect and review all relevant Soviet publications. 

About that time, the then “secret” story of the microwave radiation 
of the U.S. Embassy in Moscow was revealed to us. Although it seemed - 
highly unlikely in view of the signal characteristics but in view of the 
backdrop of the Soviet publications and in order to leave no possible 
stone unturned, amongst the list of possible reasons why the Soviets 
were carrying out this activity was the question as to the effects on 
man. With this question in mind, the Department of Defense devel- 
oped the Pandora program, which basically was to expose monkeys— 
trained in certain procedures—to a synthetic Moscow signal, much 
stronger than the actual one in hopes of speeding up any effects, and 
then to see if this exposure altered their learned behavior. There were 
many problems with this experiment, but the final conclusion of the 
review committee was that under the conditions of the experiment 
there were no observable effects on the behavior pattern of the irradi- 
ated monkeys. 

Now to get back to the actual story of the Moscow signal. While it 
is believed that the signal may have existed from time to time as early 
as 1953, it was not until the early 1960’s that the State Department 
_had the appropriate equipment on site to adequately verify and begin 
to characterize the signals’ parameters. By early 1963 a recorder was 
monitoring the presence or absence of the signal on essentially a 24- 
hour basis. The maximum level of the incident radiation was less than 
5 microwatts per square centimeter. 

To achieve maximum exposure an individual would have to stand 
in front of an open window in the strongest part of the beam for all 
of the time the microwaves were being transmitted. It is evident that 
nobody had maximum exposure. As a matter of fact, the Moscow wind 
is very cold and I question whether people even opened their windows. 

These radio waves originated from a single source west of the chan- 
cery and were focused on the upper floors of the central portion of the 
building. The records show that the responsible officials of the De- 
partment of State including the successive directors of medical serv- 
ices from the very beginning investigated the possible health effects 
from exposure to this level of microwave. Consultant medical experts 
assured them of safety, and medical record reviews supported their 
point of view. Since no known health hazards were involved, staff 
were not officially informed of the presence of these “waves” at that 
time. I was one of the medical experts consulted at that time by the 
then Medical Director, Dr. Woodward. His memo to that effect is 
still on file. 

I will give the specific frequencies and other details so that. these 
are available to anyone who wants to assess the situation. The origi- 
nal signal which continued until May 1975, consisted of usually mul- 
tiple microwave signals, transmitted in any one of three different 
modes. These were in the range from 2.56 to 4.1 mega hertz, with occa- 
sional variations. The modes were typically assumed in sequence, with 
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each mode being on the air no more than about 6 hours and the signal— 
all three modes in sequence—was never transmitted for more than about 
48 hours continuously. The radiation level between August 1963 to 
May 1975 remained at approximately 5 microwatts per square centi- 
meter at the strongest point of the beam on the west face of the Em- 
bassy building. Over a 1-year period this signal was on the air about 
one-third of the time. 

In January 1973, another Moscow signal similar to the first one 
was detected. These transmissions were discontinued on March 2, 
1973, and reappeared briefly on February 1, 1974. Most recently, on 
May 28, 1975, the latter signal was again redetected. — 

This signal originated from the east, whereas the first signal source 
was from the west. The newer signal is an unevenly distributed, wide- 
band, noise-modulated, microwave transmission. The second mode ex- 
panded the frequency coverage from approximately 0.6 to 9.5 giga- 
hertz. In August 1975, another signal originating from the south was 
detected. These two signals displayed equivalent spectral modes and 
have been present almost daily since that time. 

To monitor these signals and determine trends in radio frequency 
power levels and activity patterns, both signals are continually re- 
corded. The monitor system records equivalent energy levels in dis- 
crete bands. Initially their activity averaged about 10 hours per day 
ae for several months increased to a maximum of 18 and 20 hours 
a day. 

Since February 1976, the activity periods have decreased to the 
present average, typically about 8.5 hours a day during the work week 
with only minimal activity on weekends. 

‘Present modal power can be separated into the following general 
frequency bands: 
Mode I, 0.6 to 2.2 gigahertz. 
Mode II, 1.8 to 3.8 gigahertz. 
Mode ITI, 4 gigahertz and above. 

Modes IJ and IIT are the most often observed modes for both the 
east and south signal sources. Both signals had originally utilized 
mode J. At present the southern source transmits in mode I, II, and 
III simultaneously and only in 30 minutes to 1 hour segments. 

The technical evaluation of the signal for potential health hazard 
characteristics was concerned with identifying the physical parameters 
of the RF signal for discernible modulation, pulse train content, and 
trends in RF levels. When the source of the radiation shifted from 
the west to the east and was supplemented in August 1975 by another 
signal from the south, the resultant maximum incident radiation was 
measured to be as high as at 18 microwatts/cm? at times. Pulsing or 
instability of the signal appeared for a while—in contrast to the con- 
tinuous wave present since the beginning. This combination of cir- 
cumstances resulted in a reassessment of the situation at that time. 

A complete review of the medical records of the staff and their de- 
pendents was repeated at this time. This review in December 1975 
again resulted in finding only the usual health problems of a small 
population group. The decision was made to brief the officers and 
staff and dependents about the existence of these microwave non- 
ionizing radiations. The incident radiation at its maximum did exceed 
the Soviet occupational standard of 10 microwatts/cm?, though—and 
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please remember this—it was far below the United States and Western 
. European standards which are 1,000 times higher. 

Tt was decided that installing protective screening would attenuate 
the radiation intensity to miniscule levels within the chancery, thus 
attempting to alleviate the anxiety which might arise from the knowl- 
edge of the presence of the signals. I reemphasize that at no time has 
there been any evidence of health problems related to these very low 
levels of nonionizing radiation. 

The screening was installed during the period of escalation of the 
intensity of the incident radiation purely as a prophylactic measure as 
we did not know how high the Soviets would go. It should be recalled 
that any incident radiation above the Soviet occupational standard 
was objected to by Embassy personnel regardless of the U.S. standard. 
As I will point out later, the Soviets are currently reassessing their 
standards, After the screening was installed, the Soviets reduced 
the intensity to about the 2 microwatt/cm’ level inside the build- 
ing—and the screens reduced the inside level to less than one-tenth of 
that value. 

In view of expressed concerns about possible effects of exposure to 
microwaves, it was decided to support a biostatistical epidemiological 
study of the staff and their dependents who had worked or lived in 
the Embassy since 1953 even though the focused beam was first 
identified in 1962. For comparison, employees and their dependents 
from some of our other Embassies in Eastern Europe also were to 
be studied. It is to be expected that such an epidemiological study will 
bring out any differences in health and longevity. It may be possible 
to differentiate radiation effects, if any, from other environmental 
factors. Our other Eastern European Embassies have not had any 
radiation to the best of our knowledge. They have been checked. 

‘A contract for such a study was signed with the Johns Hopkins 
University School of Public Health, to be carried out in the Depart- 
ment of Epidemiology under the general guidance of Prof. Abraham 
Lilienfeld. Such an epidemiological study is confronted with many 
administrative problems such as the difficulty in locating persons who 
have resigned and are not on the pension lists FSO’s are not on social 
security but have their own retirement system. 

The military attachés, the marine guards, the Agriculture Depart- 
ment attachés, the USIA personnel, all have different personnel record 
systems. Each one has to be learned before we can locate the personnel 
assigned to Moscow. In any event, these problems are being solved 
slowly but surely, and by April 1978 is it hoped that a final report 
will be received. This report will be made available to any and all 
interested parties. It will not be kept classified. 

One advantage of this study over others is that: 

Tn the Moscow Embassy, owing to the 24-hour constant recording 
of measurements of the radiation locations and levels, it is possible 
to make a good estimate of the maximum microwave radiation to 
which an individual may have been exposed since 1962. Prior to 
that time, the assessment would be very gross. None of the remote 
apartments or the Spaso house have been irradiated. In Moscow about 
half of the personnel live in apartment houses apart from the 
chancery. About half of them live within the chancery. Within the 
chancery complex including the two wings, the radiation was focused 
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above the sixth floor, and from 1953 to May 1975 was limited to 
the west facade. The measurements indicated that the radiation was 
not uniformly distributed and varied considerably even in these areas. 
Fortunately, we have records of the variations. 

From June 1975 to date, the radiation has been directed at the 
south and east facades. By locating the work area—office—of the 
staff person, and the living quarters—whether at the chancery and 
which floor and side of the building, or in an apartment away from 
the chancery—there is enough information to estimate the levels of 
radiation, if any. The numbers of those who encountered maximum 
Moscow radiation are small, but if there was any impact on health, 
it hould be seen in the statistics developed by the Johns Hopkins 
study. 

Since early February 1976 and through the present time, members 
of the staff of the American Embassy in Moscow and their dependents 
have voluntarily submitted for serial blood counts. The counts and 
duplicate smears have been evaluated in Washington, D.C., by an 
independent laboratory as well as by our laboratory in Moscow. The 
original purpose of this program was to see if serial blood counts could 
be used as an indicator of pending health problems. 

A review of the blood counts showed that about one-third of the 
people, regardless of place of work, residence, or date of arrival in 
Moscow, demonstrated a benign, mildly elevated lymphocyte count 
compared to several hunderd Foreign Service personnel who had come 
through Washington from other posts. Foreign Service personnel are 
subject to the same type of vaccination procedures. We had to compare 
with those people who had been essentially through the same pro- 
cedures. The absolute counts as we obtained them were only slightly 
beyond a broad range of variations found around the world. — 

There have been no medical ill effects observed in individuals whose 
lymphocyte counts have been elevated. The condition disappears after 
departure from Moscow. 

The elevated lymphocyte count noted is similar to blood changes 
seen during periods of acute viral infections. However, clinical 
symptoms of viral diseases have been variable in the community during 
the testing period, and this explanation thus cannot be confirmed. 
Other potential causes, such as pesticides, water contamination, 
giardiasis, et cetera, also have been closely evaluated as the cause of 
the elevated lymphocyte counts. There is the possibility that giardiasis 
may be the guilty party. 

To analyze any possible relationship to microwaves, the blood counts 
were srouned into the following categories: 

A. People who were working and living in Moscow prior to Febru- 
ary 7, 1976—the date that radiation was reduced and the protective 
screening was installed. Subgroups were analyzed as follows: One, 
those living away from the chancery versus those living in it; two, 
those on the seventh floor and above, and those working and/or living 
below the seventh floor; three, those working on the seventh floor and 
above, and having west window exposure, and those having east and 
south exposure before May 21, 1975; and four, those having east and 
south exposure from May 1975 through February 7, 1976. 

B. Those who arrived in Moscow after February 7, 1976, when 
radiation in the chancery was miniscule. 
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Analysis of the data showed no difference between any of the 
above groups. 

Blood counts in children are quite different from those over 21 
years of age. While we continue to check the blood counts of the in- 
fants and children, they are studied as a group independent of the 
adults because their counts are so different and fluctuate so widely. 

Another group of people also were checked to evaluate long-term 
effects: the returnees from Moscow to Washington, D.C. It was found 
that all counts were at the same level as all other Foreign Service 
personnel after the returnees had been in the United States of America 
for over 2 weeks and up to 1 year. These tests proved that, whatever 
the cause, the lymphocyte elevation was completely reversible and 
benign. We have further evidence to that more recently. 

In an effort to confirm further that the observed phenomenon is 
a Moscow-wide anomaly rather than confined to Embassy personnel, 
we have offered to perform routine blood testing on American and 
other nationals living and working in Moscow. not associated with 
the U.S. Embassy. 

Before leaving the Moscow story, there is one more ghost I would 
like to lay low. There have been allegations to the effect that many 
people have been evacuated from the Moscow Embassy for health 
reasons and in particular two children with a blood disease. In spite 
of the State Department releases to this effect, I have not seen a retrac- 
tion of this story. The actual facts are as follows: 

Two children in. June of 1976 were brought back to the States with 
their parents because, in the course of the routine blood counts just 
described, their counts deviated somewhat from the rest of the people. 
You will recall I said earlier, children’s counts fluctuate and are 
different. The Department of State paid for their air fares and ex- 
penses involved in consulting any physician of their choice. One child 
was examined very thoroughly at a major university-affiliated hospital. 
The complete examination failed to reveal any abnormality but only 
an excess fluctuation which can occur in children. The child was re- 
turned to Moscow and is in good health. 

Examination of the other child revealed a congenital defect in the 
bone marrow which interfered with the production of one type of 
white blood cell. This early detection may well have saved her life 
as she was developing skin infections. As of a few weeks ago, she was 
well and happy. 

In the course of the next several months, two other parents developed 
some anxiety about their children. The Department arranged at the 
parents’ request for one of the children to go to the Mayo Clinic. 
There she was subjected to a large battery of tests from bone marrow 
to chromosomal studies. All were entirely negative. The child is back 
in Moscow very healthy. Another family home on leave took their 
children to a university hospital in Florida, arranged for by the 
Medical Division of the State Department. Again, the extensive ex- 
aminations were negative. 

Tn conclusion, I repeat that to date there have not been established 
any radiation-related health problems in the personnel who have 
served in the U.S. Embassy in Moscow. If there are any effects 
associated with that environment for any reason which we have 
missed, we expect the Johns Hopkins study to show them up. 
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Mr. Chairman, may I submit to questions on the Moscow situation 
before proceeding ? 

Senator Forp. It will be all right with me, Dr. Pollack. 

I have a few questions on Project Pandora which you have said 
turned up no observable effects on monkeys exposed to the simulated 
Moscow signal. As I understand from the unclassified documents 
which I have seen, preliminary analyses led analysts to believe that 
the signal altered primate behavior and the studies of the brain 
suggested some energies were damaging to the tissue. 

Later analysis refuted these reports. But I am curious. Why was 
the project classified ? 

Dr. Portack. Because the question of alarm. Of course, I didn’t 
classify it. That was classified by DOD. Perhaps I shouldn’t speak 
for DOD, who did the classification. I was merely one of the workers. 
It was my understanding this was kept classified because they did 
not want to create any panic or any alarm in the personnel in Moscow 
who had not been briefed as to the presence of the waves. 

5 Senator Forp. What were the problems associated with the research 
esign ? 

Dr. Pottackx. The problem was basically in establishing a baseline, 
which the personnel did not carry out successfully in continuity. The 
baseline was changed. Therefore, the readings were very difficult to 
interpret. You made a statement that the initial findings suggested 
alterations. I would suggest that you look at the final paragraph. 
That is a quote from the minutes of the first meeting of the Pandora 
Review Committee. You will find in the final paragraph of those 
minutes a statement to the effect that the Committee would like before 
giving any opinion, to review the actual data itself rather than 
taking the verbal presentation of one of the laboratory workers. This 
is in the minutes per se. 

That statement that there were effects came from the verbal 
presentation of one of the workers and not the final opinion of the 
Committee. The Committee subjected the data to extensive analysis, 
as you will see, as part of the Pandora report which was sent to 
you. There is an entire appendix by Dr. Kubis on the statistical 
analysis. From this, the Committee drew its conclusions that there 
were no observable effects. 

Senator Forp. Well, Doctor, we understand and have seen the Com- 
mittee’s report. Why were the major reports containing useful data 
destroyed ? 

Dr. Potxack. I beg your pardon, sir? 

Senator Forp. The actual data that the Committee studied we 
understand is not available. 

Dr. Pottack. No, sir. That is not available. 

Senator Forp. What happened to it ? 

Dr. Potiacr. I don’t know. That was in the hands of the Depart- 
ment of Defense and not in the hands of the Institute for Defense 
Analysis where I was associated. When we looked for them more 
.tecently, we found this data was no longer available. As you know, 
it is Government—Government files are not kept permanently. They 
are disposed of routinely from time to time. 

Senator Forp. What is “routinely,” Doctor? 

Dr. Pottack. What is that? 
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Senator Forp. What is “routinely filed or destroyed,” not kept, 
burned? What is “routine”? Two years, five years, ten years? 

Dr. Potzacs. I am not fully conversant with that, not being an 
administrative type of person and not being a full-time Government 
employee. All I know is what I have been told by the Government 
people that this is what their procedures are. 

Senator Forp. I will get to the next witness then and see what they 
_ know about it. 

Dr. Pottacn. Okay. 

Senator Forp. Roughly how much did the project cost? 

Dr. Potiack. Pandora? 

Senator Forp. Yes, sir. 

Dr. Potwack. I have to separate the equipment and facilities, which 
are still in use and which are now a national resource. This part of 
the expenditure, as I say, is still in use. It is a national resource. It 
exists at the Walter Reed Army Institute out at the—in the Maryland 
area. That part of the equipment, as I remember, ranges about $1.5 
million, and as I say, is still in use. 

The actual operating expenses, that ran to a matter of a few hundred 
thousand dollars over the course of the experiment. 

Senator Forp. Have any of the findings or technologies developed 
in Pandora found their way into present unclassified research ? 

Dr. Potzack. Yes indeed. There is no classified research going on 
at the present time to the best of my knowledge. I think I am fully 
aware of it at the facilities at the Walter Reed Army Institute for 
Research. As a matter of fact, they are rebuilding the equipment at 
this present moment. It has gotten into general use by all means. 
It is, as I said, a national resource. 

Senator Forp. Can you speculate as to why the Soviet Govern- 
ment would want to irradiate the U.S. embassy in Moscow? 

Dr. Pottack. As I said, we have a whole laundry list of possibilities. 
I just don’t know why they are doing it. 

DENRIOR Forp. Do you want to give a few reasons from your laundry 
list ? 

Dr. Portack. Mr. Chairman, I would prefer not to because my 
experience is in the biomedical field. I don’t want to get outside of 
that competence at this type of hearing. 

Senator Forp. Well, you said you were here on your own. You have 
been involved in it. You might be able to speculate a little, couldn’t 
you? You said you had a long laundry list. Apparently you have 
seen it. 

Dr. Pottacn. Yes. 

Well, the reasons go anything from basically related to intelligence 
problems, I presume. At least that would be the evident reason. 

Senator Forp. Do we use anything like that? The United States? 

Dr. Potnack. No, sir, we do not. We do not have any positive 
microwave emanation techniques of the type that the Soviets are 
using here. We know about them. We can analyze them. To the best 
of my knowledge, they are not in use. 

Senator Forp. You said the level of microwave radiation, I think, 
to which the employees and their dependents in the Embassy in 
Moscow were exposed, is not harmful. Of course, you said that you 
installed the screens which, in case the intensity of the signal were 
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increased, would provide protection. With the screen installed the 
pieeared was reduced. Then why did you instigate the Johns Hopkins 
study ? 

Dr. Pottack. Because of the questions that have been raised and 
because of the anxieties that have been manifested in the reactions 
of many of the personnel who were on the staff, the Embassy staff 
over the period of time that the microwaves were in effect. They have 
written many letters in. It is difficult to convince them directly of the 
harmlessness of the levels to which they were exposed. As I pointed 
out, we can tell you, generally speaking, within a very small range 
to which levels they were exposed at any time. 

So to have on definite record a positive study that would answer 
their questions, we have instituted the Johns Hopkins study, which 
will bring out anything that we may possibly have missed. 

Senator Forp. Let me ask you this question. Why was the decision 
finally made to brief the personnel in the Embassy in Moscow, about 
the existence of microwave irradiation of the-Embassy? Why did the 
State Department behave differently in this situation than it did in 
the 1960’s when it decided not to apprise Embassy personnel of the 
microwave situation ? 

Dr. Potuack. The levels of microwave radiation in the 1960’s were 
minuscule, as we pointed out, a maximum of 5 microwatts. As I said, in 
order to achieve maximum, you had to stand undressed in front of 
an open window practically all day at one point in the beam. So that 
the rest of them were receiving an average of 1 to 2 microwatts over 
a period of several hours. 

When the Soviets started escalating and pulsing, then we were 
in the dark as to just what their direction of activities was going 
to be, and it was thought it would be a much safer procedure to be 
prepared if the Soviets were going to get drastic in their radiation 
levels, so the screening was put in at that time. As I pointed out, 
it was prophylactic in anticipation or to prevent the possibility of 
damage from elevated: levels and also because the anxiety level of 
the people in Moscow, who were thoroughly familiar with the 10 
microwatt standard of the occupational standard of the Soviets, did 
not want to be exposed to anything over the Soviet standards in spite 
of the fact that our standards are 1,000 times higher. 

So we had to do something to protect them from this anxiety state, 
if vou want.to call it that. 

Senator Forp. ERMAC has recommended conducting epidemiologi- 
cal studies but as you noted such studies pose horrendous problems. 
You queried, “What are the end points, what are the health effects to 
look for?” 

Dr. Pornack. Yes; that is in the second part of the testimony. I 
intend to cover that. 

Senator Forp. I thought that was in the first part. We will get to 
that then. 

Dr. Portzack. I pointed out in the first part, Mr. Chairman, that 
the Moscow situation was probably a little bit easier to handle than 
any of the large-scale epidemiological studies in this country because 
we had defined parameters and excellent estimates of the radiation 
to which the people were exposed. We had the time, the duration, the 


277 


living, et cetera. These are problems which will come up in further 
discussions on the epidemiological studies potential in this country. 

Senator Forp. You say that responsible officials from the very begin- 
ning investigated the possible health effects of the exposure to micro- 
waves and that consultant medical experts assured them of safety. 
You also note that the Soviet literature was abundant, and I quote 
you, “But difficult to interpret.” On what basis were these assurances 
of safety given ? 

Dr. Potnack. On the basis of health record, the examinations, and 
on the basis of the experimental work in this country. Basically, it was 
on the health records and physical examinations of the people per se 
in which, as I pointed out, I participated as early as 1964. 

Senator Forv. When were the assurances given? In 1963? 

Dr. Poriack. Well, it would have been about—well, the question 
was raised in 1963 and reviewed, and the detailed studies were started 
about 1964; yes. 

The levels were so low that there wasn’t any pressure; 1 or 2 micro- 
watt exposures, sir, is what you are getting here sitting here right now. 

Senator Forp. Better turn the lights off then, hadn’t we? 

Dr. Poriack. Could be. I believe some of your earlier testimony that 
I heard, EPA reported, for instance, the Sears Tower was getting 60 
microwatts and that’s 30 times greater than what they were getting 
in Moscow. 

In this country we have a few areas where the levels are higher, but 
we will go into that in the second part of the testimony. 

Senator Forp. You say in 1975, with the addition of a new signal 
originating from the South, pulsating, a reassessment of the situation 
resulted. Why ? What was so peculiar about the situation in 1975 that 
a decision was made to inform the staff after keeping information 
from them for the previous 12 to 22 years? 

Dr. Poriack. At that time the levels were escalating from the low 
levels of 5 microwatts. It had gone up to 18 microwatts. The signal 
was beginning—was pulsing, and a pulse signal was a much greater 
biological activity than the so-called constant wave. In view of the 
rising or the incremental increases, it was decided to brief the people 
to let them know, because the screening was going up to protect 
them. You couldn’t put screening up without letting the people know 
why it was going up. As I say, this was a prophylactic measure. If 
we hadn’t done so, we would have been remiss. 

Senator Forp. Doctor, was not the real motivation for briefing the 
Embassy personnel the fear of public exposure from the Moscow 
radiation situation’? a ey 

Dr. Potxacg. I do not know, sir. I was not privy to those discussions - 
in Washington. I was in Moscow at that time. ; 

Senator Forp. Do you have any sense about the motivation, any gut 
reaction to it? 

Dr. Potiack. The reason for the briefing? 

Senator Forp. Yes, sir. 

Dr. Porzack. Well, as I just pointed out, the decision to put up the 
screening had been made. It was obvious that the people had to know 
why screening was going up. And so they were briefed to let them 
know why screening was going up. 


278 


I repeat again, the screening was a prophylactic which we would 
have been very remiss if we had not carried out. 

Senator Forp. Is it your opinion, then, that from observations and 
studies done on Embassy personnel that they had exhibited no effects 
which can be attributed to microwaves? ‘ 

Dr. Poitzack. No physical health effects have.been demonstrated to 
date; none that we have been able to find. I personally spent several 
weeks in Moscow reviewing all of the medical records of these people, 
and I have reviewed the blood counts, too. I can assure you that my 
professional reputation is at stake on this. I am not loath to put my 
reputation at stake on this one. 

Senator Forp. Are there any behavioral effects associated with 
microwave radiation ? 

Dr. Pottack. Behavioral? 

Senator Forp. Yes, sir. 

Dr. Potzack. Yes, of course. Of course, there are behavioral effects. 
These are, as we have seen them, a normal anxiety state of the unknown. 
Mind you, these people who are not familiar with microwaves, this is 
something coming through the air which is unknown. They are told 
about it. It is very difficult for them to grasp the concept, particularly 
when the word “radiation” was used. 

The word “radiation” is a bad word. This is what. has provoked so 
much of the misunderstandings and controversy, because the word 
“radiation” is a generic term for the transmission of energy through 
space without the use of hardware or hard substance. 

Now, ionizing radiation, which is what people were accustomed to 
hearing about, is confused almost immediately with nonionizing 
radiation. Most of the questions we had thrown at us were related to 
the Hiroshima and Nagasaki experiences of radiation. I can assure 
you, sir, that there is no relationship. : 

As you have heard in previous testimony, the levels of energy in 
the microwave are quantum, a billionth less than the level of energy, 
less than 1 quantom of ionizing radiation. 

These just are two entirely different things. 

Senator Forp. Doctor, do you want to get on to the other portion 
of your testimony ? 

Dr. Potzack. At your pleasure. 

Now, let me shift gears and try to answer your second question. 
Again, I repeat, as you know, I have been a member of ERMAC since 
it was convened. For over 50 years I have had a broad interest in the 
impact of environmental conditions on health. For the last 15 years 
this interest has been focused on the health effects of nonionizing 
radiation. Over this long period of time I have served on many advisory 
councils, boards of directors of voluntary health agencies, as an indi- 
vidual consultant, and in other similar capacities. I say this by way of 
background. 

First, I will give my reaction to what I have heard in the course of 
these hearings and to other questions which have been posed. There has 
been a good deal of discussion about the differences between Eastern 
and Western safety standards and research. In fact, you have heard 
that the U.S. and Western European scientists disregarded the pub- 
lished research on nonionizing radiation from the Eastern European 


279 


countries. Many U.S. and Western investigators have carefully studied 
Soviet research and have written extensive reviews. The American 
journals have published translations of Soviet reviews. 

We were not guilty of overlooking the Soviet work, but we were 
trying to be objective. Much of the Soviet research on nonionizing 
radiation has been criticized for its poor experimental design, lack of 
adequate controls, and drawing conclusions from inadequate evidence. 
Most important was that the information available to us from their 
publications was very limited. However, nobody was willing to dismiss 
offhand the work of the country who launched Sputnik or did such 
excellent work on biological effects in the field of ionizing radiation. 

In fact, it has had a real influence on recommendation and current 
U.S. research program. Some of our early efforts and resources were 
diluted attempting to duplicate the Eastern European research. Their 
publications did not give the full story of their laboratory procedures ; 
hence, it was impossible to duplicate them. Until recently there was 
very little direct contact with the Soviet scientists to bridge the gap. 

Tn the Soviet system, there are at least three separate categories of 
laboratories and research workers in this field of health effects of 
nonionizing radiation : 1, industrial and public health; 2, the military ; 
8, other institutes of the academies of science, including the Academy 
of Medical Sciences. 

Parenthetically, it can be said that the Soviet military are not bound 
by their current safety standards, but the U.S. military are bound 
by ours. This is important to bear in mind if new standards are 
promulgated. It is difficult to imagine that the Soviet military could 
function effectively under the restrictive natures of their current 
limits. As a matter of fact, there is good evidence that the Soviets are 
currently reassessing the scientific basis for their current standards. 
The Institute of Biophysics under the Soviet Academy of Sciences is 
undertaking a research program for this purpose. Recently two US. 
scientists were invited to participate in a seminar at this institute 
devoted to this subject. 

Current U.S. research is two-pronged : 1, the theoretical and experi- 
mental search for mechanisms; 2, the pragmatic—studying effects 
directly on the intact animal and man. 

A complete understanding of mechanisms of interaction could facili- 
tate our ability to predict biological effects. There is adequate prece- 
dence for the pragmatic approach—as, for example, in the use of peni- 
cillin. This drug was used successfully for 20 years before the 
mechanism of its action was understood. There is evidence now that 
research in this area is gaining momentum. The development of 
methodology and instrumentation for measuring absorbed energy 
instead of just using incident radiation is opening new vistas in the 
laboratory. This approach may serve several purposes: (a) a method 
of finding the mechanism of interaction, (b) a method of translating 
findings from animals to man, (c) relating external to internal fields, 
(d) relating a known amount of absorbed energy to an observed 
response. 

Other developments involve the renewed interest in, and acceptance 
of, the concept of specific frequency and resonance phenomena, in- 
cluding “hot spots” and their corollary that bioeffects are frequency- 
dependent. 
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There are fields of research that have not been explored adequately 
as yet. In its early meetings, one of the recommendations of the 
ERMAC was to conduct epidemiological studies on the effects of non- 
ionizing radiation. Last year OTP requested ERMAC to give the topic 
further consideration. Discussions were held with a number of know]- 
edgeable groups and individuals. The problems, however, are hor- 
rendous; they focus in two main areas: 

I. What are the end points? What are the health effects to look 
for? At present these have not been established, and this makes the 
design most difficult. 

II. The other is even more difficult—defining the exposure levels 
of people and identifying potential groups for study. For example, 
as BPA has reported, environmental levels are generally very low 
and vary widely. Furthermore, they are influenced by such factors 
as terrain, construction material such as metal siding and insulation, 
et cetera. In addition, there is the mobility of the American popula- 
tion to consider. Finally, there are other multiple environmental 
factors, such as air quality, to be taken into account. We continue to 
believe that such studies are important. Further effort must be made 
to design useful research in this area involving special and specific 
occupational groups. 

Another part of this problem which as a physician/physiologist has 
disturbed me a great deal is the use of the “average field strength” as 
the indicator of exposure over the wide range of frequencies. This is 

_an engineering term. In measuring incident radiation, many portable 
instruments integrate power densities of multiple frequencies into 
a single sum. Furthermore, with modulated—pulsed—radiations, they 
will average over time the peaks and the valleys. Thus we may read— 
average over field strength is 0.1 mW/cm?, when there may be 
a peak of 350 mW/cm?. Sometimes the peaks are missed be- 
cause the instrument lag time is too great to pick up very fast pulsed 
(nanosecond) radiation. While peaks frequently are in minute frac- 
tions of a second, their biological effects have not been studied ade- 
quately. Iam uneasy about the widespread reliance on average field 
strength as an adequate measure of exposure, but then I am a physician 
and not a physicist. 

I note there is talk of creating one agency for research and regula- 
tion of all radiations. I believe the concept of a single agency has 
many scientific and administrative drawbacks. You have heard, and 
undoubtedly will hear more, about the several ongoing research pro-- 
grams. These are basically oriented toward the mission of each of the 
agencies supporting the programs. 

It is difficult to see one single agency carrying out sufficient research 
for the many frequencies and other EMR conditions which will meet 
the needs of all the agencies involved at the same time. Research under 
a single agency can lead to a lack of flexibility in new approaches 
and scientific innovation which are badly needed in this field. 

The progress to date in this field in this country is due in large part 
to the cooperative attitudes of the investigators from various institutes. 
In ERMAC, interagency and scientific meetings have seen a free inter- 
change of information and an exchange of experiences. 

Progress in research is dependent primarily on people, well trained, 
informed, and supported adequately. I place the primary focus on the 
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individual researcher. The people we need are those with innovative 
ideas and the gift of deductive thinking. ; 

Let me illustrate this latter point: An obscure medical student 
in Germany in the mid-1800’s carried out a routine experiment which 
had been done by hundreds before. He removed the pancreas of a dog 
to study its digestive functions. Minkowski, however, noted that the 
urine of this dog attracted swarms of flies. This simple observation. 
laid the basis for our modern concepts of diabetes and led directly 
eventually to the isolation of insulin. 

Research today in nonionizing radiation requires a little more than 
the simple laboratories of yesteryear. The equipment for generating 
the radiation, the devices for measuring, and the precautions and con- 
trols in exposing animals are elaborate and expensive. However, the 
keystone of the effort is still the scientists, albeit a multidisciplinary 
team. 

The understanding of the biomedical effects of nonionizing electro- 
magnetic radiation is a developing field. It is wide open. Tt needs a 
multiplicity of inputs from a variety of disciplines. The physicist and 
engineers have dominated the field as the physics of nonionizing radia- 
tion is a very complex subject. Now that the emphasis is shifting to 
the biological and medical effects, the biologists, physiologists, and 
physicians must enter the field. The living man and animal react very 
differently than the inert material which engineers are accustomed to 
handle. The living organism has compensatory and feedback mech- 
anisms which allow them to adapt to environmental changes. Thus a 
piece of meat in a microwave oven will accumulate heat at a predictable 
rate; on the other hand, a rise in body temperature in a living animal 
is a poor guide to the amount of absorbed energy from microwave 

‘exposure. The homeostatic mechanisms play their part just as soon 
as there is a change in the environment and within reasonable limits 
permit the organism to adjust. These same mechanisms come into 
consideration in comparing long-term chronic exposures to acute ones. 
The necessity for the input of the environmental physiologist is self- 
evident. Developing a working knowledge of the interdisciplinary 
aspects as well as the communication problems is a long and arduous 
process. I know—I have had to learn the hard way. 

You ask for recommendations for future research. It is easy enough 
to make up a “laundry list” of necessary work. This has been done 
by the ERMAC and many other groups and individuals. The high 
priorities for research should include both pragmatic studies for ef- 
fects and theoretical and experimental investigations for mechanisms. 
The theoretical and experimental studies should be carried out to in- 
sure complete understanding of all mechanisms of interactions between 
electromagnetic fields and living systems. The pragmatic studies should 
emphasize chronic low-level exposure—less than 10 milliwatts per 
centimeter squared, impact of peak powers, and epidemiological 
studies of selected groups of people exposed to various levels of micro- 
wave energy. 

The current coordination mechanism is working successfully, and 
to change it would disrupt the ongoing programs and seriously delay 
the progress, as would the formation of a new consolidated agency. 
The effectiveness of this coordination is largely due to the open, sup- 


282 


portive, and noncompetitive role of an office at the level of the Ex- 
ecutive Office of the President, and the dedicated efforts of the per- 
sonnel on this task. ; ; 

Nonionizing radiation research is coming into its own. It is be- 
ginning to attract well trained scientists in the biological as well as 
the physical disciplines. There is no present crisis of environmental 
pollution insofar as health is concerned from this modality. Any neces- 
sary regulatory action must be based on research findings and demon- 
strated need. It is important that we do not stifle this emerging field 
by administrative controls set in the concrete of a rigid bureaucracy. 
You have inferred the urgent need for answers to the question of haz- 
ards. The most effective way of speeding up the research program 1s 
to create a climate which will attract scientists into the field and then 
support their work. 

Senator Forp. Just a couple of brief questions, Doctor, on your sec- 
ond statement, or the second portion of your statement. 

T believe you said that nobody was willing to dismiss offhand the 
work of a country who could launch Sputnik. I believe by your own 
account, 1963 was the first time anyone considered examining the 
abundant Soviet literature, which presumably was amassed during 
the 1950’s. The fact that you had to contract for a study to collect and 
review all of the Soviets publications indicates that, in fact, that re- 
search had at least been ignored, if not dismissed. In 1963, the Tri- 
Service program, which came up with the 10 milliwatt standard, had 
been completed. 

Presumably the military researchers had not looked at the Soviet 
work. Do you think present American researchers are paying more 
attention to their Soviet counterparts ? 

Dr. Pottacg. Sir, may I correct a misunderstanding which I think 
exists there? There is evidence in the Tri-Service—in the records of 
the Tri-Service meetings that the Soviet literature was taken into con- 
sideration. When I say that we started our interests, that is because 
that was the time I was drawn into the field. I was not discussing 
what had occurred previously. I was expressing my own experiences, 
and the experiences of my associates. 

The contract for the study of the Soviet literature that I discussed 
or mentioned was let because this was the time we were drawn into 
the field wholeheartedly. I repeat that there is evidence in the Tri- 
Service reports which came out in 1957, 1958, and 1959, that the 
Soviet literature was evaluated. 

You must recall the Soviet safety standards were first set in 1958. 
The question of comparison of standards historically, then, originated 
from 1958, when the Eastern bloc, Eastern European countries, be- 
gan to establish standards. And it was shortly thereafter that Miss 
Healer and I wrote a complete review of all the standards established 
around the world. That was the time we were invited in to discuss and 
review this matter. 

Senator Forp. We have talked to Dr. Allen Frey, who just returned 
from Moscow, who discussed the Soviet’s reassessment of their stand- 
ards. Are U.S. standards being reevaluated ? 

Dr. Portack. They are under consideration and reassessment, yes. 
At all times they are being reviewed continuously. 
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Senator Forp. A continuous review ? : 

Dr. Pottack. Yes. The ERMAC people periodically review the 
situation. The question of change in standards has been mentioned 
several times. 

Senator Forp. Can you foresee any change in the U.S. standard? 

Dr. Pottack. Sir, as I said in my statement, standards must be set 
based upon experimental work and demonstrated needs. At the present 
time, there is no demonstrated need for the change, and when there 
is a demonstrated need, people are prepared, EPA has already said 
that they are prepared to reestablish or to redefine standards. ; 

T believe they testified to that effect here last Thursday or Friday. 

Senator Forp. Doctor, I do not believe I have any further ques- 
tions. We appreciate you coming and spending so much time with us. 
We may have some further questions which we will submit to you 
in writing. 

Dr. Pottack. Thank you, sir. 

[The following information was subsequently received for the 
record :] 

DEPARTMENT OF STATE, 
Washington, D.C., September 13, 1977. 
Hon. WARREN G. MAGNUSON, 
Chairman, Committee on Commerce, Science, and Transportation, United States 
Senate. 

Deak Mea. CHAIRMAN: Thank you very much for your letter of August 15. In 
response to the additional questions listed in your letter, summaries of reports 
are submitted as enclosures. 

If I can be of any further service, please let me know. 


Sincerely, 
HERBERT POLLACK, M.D. 
Medical Consultant 
Office of Medical Services. 
Enclosures : 


1. Replies to 9 questions 

2. Appendix A 

3. Appendix B 

4. Appendix C 

Question 1. You have stated in your testimony that there were many prob- 
lems with Project Pandora. You mentioned the difficulty in establishing a con- 
sistent baseline. Other than this cited problem, what were some of the other diffi- 
culties with the Project? Do you believe these difficulties were so serious as to 
render the experiment inconclusive? 

Answer. Pandora was funded by Advanced Research Projects Agency (ARPA) 
in early 1965 for research to evaluate a threat which appeared to have strong 
behavioral and biomedical implications. Preliminary incomplete analysis of the 
in-house work at Walter Reed Army Institute for Research (WRAIR) encour- 
aged the belief that this special non-ionizing microwave signal altered primate 
behavior. Preliminary extramural cytogenic and histological studies of brain 
suggested that comparable energies were damaging to tissue. Detailed analysis 
of ae data and subsequent experiments failed to support these preliminary 
results. 

The project, conducted at WRAIR and supported by ARPA of the Department 
of Defense, refers to 4.6 milliwatt level of incident radiation in the “synthetic” 
signal. This was “accelerated” testing and is very much higher than the actual 
Moscow signal which was approximately 5 microwatts maximum at that time. 

The term “synthetic” as app'ied to the signal indicates that the signal was 
constructed for experimental laboratory purposes, not as an effort to precisely 
duplicate the radiation levels actually encountered in Moscow. The memo of 
January 14, 1969, entitled “Flash Report of Pandora Bizarre Briefing.” * referred 


1 The unclassified minutes referred to are reproduced infra. 
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ash report on the study given under stress. Two para- 
graphs later the memo stated that the study on reaction times was inconclusive. 
The final paragraph of that memo noted that the presentation was qualitative and 
suggested the data be prepared ina statistical format for better scientific evalua- 
tion. The panel which reviewed the study expressed the desire to examine the 
data in depth. . : 

The minutes of the January 12, 1970 meeting shed additional light on this 
issue. Paragraph II of Section i of the minutes reviewed the preliminary analy- 
sis presented by Dr. Joseph Sharp which encouraged the belief that the syn- 
thetic signal altered primate behavior and that cytogenetic and histological 
studies suggested that comparable energies were damaging to tissues. The next 
paragraph referred to the Pandora Scientific Advisory Committee (SAC), which 
was appointed in 1968 to provide advice for the development of the research pro- 
gram. The Committee recognized that the interaction of electromagentic fields 
with living tissues is determined by a great many factors, and it is virtually 
impossible to draw any meaningful conclusion from the relationship between 
simple measurement of incident radiation and biologic effects in a test object. 
The statement is made, “In contrast to the initial analysis, the complete analysis 
concluded that if the synthetic signal had an effect on behavior, it was so modest 
as to be obscured by the effects of experimental procedural variations which were 
a result of the exploratory character of the early experimental program. Further- 
more, continued extramural cytogenic studies did not confirm the earlier reports 
of changes of tissue exposed to the synthetic signal.” 

Section II of the January 12, 1970 memo explains why Sharp’s earlier treat- 
ment of the data did not adequately demonstrate the differences defined pre- 
viously. Paragraph II and the remaining sections of the memo provide further 
explanation of this discrepancy as well as additional pertinent evaluation of 
the data. 

Section II of the report, containing the summary and recommendations, states 
in Paragraph A that “. . . since no clear and strong effects have become apparent 
with the Walter Reed Army Institute of Research (WRAIR) signal, the findings 
thus far can be regarded as negative.” 

The actual measured radiation in Moscow never was higher than 18 microwatts 
(or .0018 milliwatts) and then only for a limited time in a limited area. 

The more recent development of the ability to measure internal electrical 
fields and absorbed power may enable the research workers to better understand 
reactions and translate animal reactions to man. 

At the time of Pandora, we did try to determine any central nervous system 
effects on the crew of the carrier Saratoga. Details are in the Pandora files, a 
summary of which is given here. : 

April 21, 1969—-Big Boy—No significant differences in psychological tests per- 
formed on apparently exposed and control group. Also, no apparently significant 
differences on genetic (leukocytes) and physical findings. 

Detailed survey of on-board radiation levels revealed that levels were in most 
cases from 0.3 to 0.08 mw/cm? in no case greater than 1 mw/cm’*. 

Pandora—August 12-13, 1969 

1. Reaction time study 
Shock avoidance—no difference 

2. Multiple schedule for operant conditional primates 
Two of five sessions—Data not interpreted because of equipment ma'function. 
Use of re-enforcement schedules which reward certain types of stoppages were 
recognized as contributing to work stoppage rather than the exposure to micro- 
waves. 

Question 2. Do you have any knowledge of any subsequent attempts by inde- 
pendent researchers or researchers within the military to create a similar test 
situation to verify or refute Pandora’s results? 

Answer. At present I know of no experiments to duplicate the “Pandora” using 
the multi-frequency Moscow signal. There are several experiments using single 
frequencies which relate to central nervous system and behavioral effects. 

Question 8. You mentioned in your testimony that certain embassy personnel 
objected to incident levels of microwave radiation above the Soviet exposure 
standard. Please specify just which of the embassy personnel objected. 

Answer. The most recent expression of objection was published in the Foreign 
Service Journal, Volume 54, No. 8, August 1977, Page 36, a copy of which is 
enclosed as Appendix A. 


to a very preliminary fi 
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Question 4. In your prepared statement, you referred to the observation of 
various embassy personnel and stated that, “It was obvious that the observed 
changes in blood count bore no relationship to microwave radiation.” Why was 
this obvious? Is it not possible that there may be a long latency period asso- 
ciated with such effects, and that they will show up in the future? Are you 
aware of any research programs currently underway to detect such delayed 
effects? 

‘Answer. The statement that the blood count changes were not related to micro- 
wave radiation was based on the observations that the same changes were found 
in those who had arrived in Moscow after February 1976 when the radiation 
levels were minuscule as on those who had been there for two yéars. Also 
the same changes were found in those who lived away from the chancery and 
worked on the ground floor. This latter group did not receive any radiation. 

The epidemiological study by the Johns Hopkins University group is designed 
to detect delayed effects. 

Question 5. Do you believe that Johns Hopkins’ epidemiological study will be 
able to conclusively answer questions such as those posed above? 

Answer. Che Johns Hopkins University study should be able to unearth delayed 
effects if there are any. 

Question 6. Why is Walter Reed currently rebuilding the Project Pandora 
facilities? What unclassified: research is being conducted at the Walter Reed 
facility? 

Answer. The Walter Reed facility, as I stated, is now unclassified. It is being 
rebuilt and modernized and will be available to selected research groups. Cur- 
rently, the facility is under repair and not operational. The animal facilities 
particularly are being modernized. The work of Dr. Albert at George Wash- 
ington University for example utilized the Walter Reed exposure facilities. 

Question 7. To the best of your knowledge, does the embassy in Moscow have 
any positive microwave emanating equipment which is used either for intelligence 
purposes or for “jamming” purposes? 

Answer. I am not privy to any microwave emanating equipment in the Moscow 
Embassy beyond the normal communication systems. The times I have observed 
the electronic “sweeping” of the chancery for microwaves, I never saw any 
evidence of such emanation in the building except from a communications aerial 
and the extremely low frequency waves from the 50 cycle motors and electrical 
conduits. 

Question 8. In your testimony, you indicate that there are horrendous problems 
with conducting any epidemiological study. Why then do you believe that the 
Johns Hopkins study will be determinative ‘of whether or not the health problems 
incurred by Moscow embassy personnel were the result of exposure to microwave 
radiation? 

Answer. In my testimony I was referring to epidemiological studies of general 
population groups. The problems of dosage calculations are most complex, i.e. 
mobility of population in and out of field; geography of area, hills, valley, ete. ; 
presence of reflecting surfaces; use of aluminum vapor barrier insulation will 
reflect microwaves; aluminum siding of houses; age distribution; presence 
of air pollutants and other etiological factors. In Moscow there was constant 
recording of radiation over 24 hours since 1962. Enough data is available to 
give a good approximation of the radiation received by different ‘roups. The 
mobility of the population is known so that the uncontrolled factors present in 
populations are controlled in the Moscow Embassy situation. 

Question 9. During the ‘hearing, you discussed possible causative factors of 
the elevated lymphocyte counts among embassy personnel. The 1976 OTP annual 
report noted similar effects related to nonionizing electromagnetic radiation. 
The OTP stated that such an effect was of interest because of the relationship 
to the body’s total immune defense system. Are you aware of research that has 
been conducted since the publication of the OTP report or since the presentation 
of your testimony before this Committee? If so, please provide the Committee 
with appropriate citations to such studies. Are you aware of any research in 
which the possibility is explored that microwaves in and of themselves may not 
cause harm but that in conjunction with other environmental agents might 
prove harmful through their impact on the immune system? If so, specify. 

Answer. There is abundant ongoing research to determine the influence of 
nonionizing radiation on the body’s total immune defense systems. Appendix B 
is a very brief summary of nine relevant projects in this area. There are several 
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more reports seheduled for the forthcoming URSI meeting on October 31-Novem- 
ber 4, 1977. A copy of the seminar program is enclosed as Appendix C. 

The synergistic effect of other environmental agents to microwave radiation - 
is being researched now, especially ionizing radiation coupled with nonionizing 
radiation in the treatment of cancer. This is a new field and I have not seen as 
yet any final reports. 

With the help of the Naval Medical Research Institute (NMRI) at Bethesda, 
the National Institutes of Health and the National Cancer Institute, we have 
carried out specific immunological and cell differentiation tests on 10 Moscow 
personnel to date. Surface markers for both T and B lymphocyte iells were 
quantified by several techniques. Mitogen stimulating studies were carried out 
as well as liver enzymes, human antibody, serum electrophoresis and immuno- 
globulin quantification. : 

The interpretation of the findings clearly indicated that these were not mono- 
clonal in origin and hence definitely not pre-leukemic status and that hepatitis 
was not a factor. The elevation of IGA was considered significant in three 
subjects. This is usually an indication of an intestinal infection or infestation. 
Since giardia is so very common, the presumptive interpretation is that 
giardiasis may be responsible for the elevated lymphocyte count in one-third of 
the employees. Further work is being done to test for cytomegalovirus .and 
Epstein-Barr virus as those may also be involved. 


APPENDIX A 
(Foreign Service Journal-Aug. 1977] 
CoMMITIEE ON EXTRAORDINARY DANGERS 


During the past year the Committee focused on two main topics: (1) our policy 
with respect to terrorism and particularly how we deal with kidnapping and 
other threats against our employees abroad; and (2) the problem of the con- 
tinued bombardment by the Soviet Union of our Embassy by microwave 
radiation. j 

(1) TERRORISM 


AFSA continued to urge the Department of State to review the current policy 
towards terrorism and, specifically, to make the necessary changes which would 
better protect Americans subject to kidnapping or other terrorist threats abroad. 
A number of studies have been done by outside experts which are critical of the 
way in which the Department handles terrorist situations. We believe that a full 
evaluation should be made of these criticisms and necessary improvements im- 
plemented on our present policy. We hope to work with the new Administration 
toward this end in the coming months. 

Some progress has been made on the terrorism issue, The CED pressed strongly 
to have the government take action against those countries that harbor, support, 
or release terrorists. In particular, AFSA was concerned about the punishment of 
a terrorist that attacked the US Embassy in Cyprus in 1974. The alleged at- 
Unfortunately, the killers of our Ambassador to Lebanon and FSO Waring 
tackers have been arrested and are now standing trial for their terrorist activi- 
ties. Unfortunately, the killers of our Ambassador to Lebanon and FSO Waring 
remain, to the best of our knowledge, unpunished. 

The Committee continues to urge perservance on the part of the United States 
government to bring to justice these individuals and to take action against any 
governments that support terrorists that threaten American employees abroad. 
It is our hope that we will be able to obtain from the new Administration support 
for a strong stand against terrorists and increased eftorts to apprehend those who 
have attacked American employees abroad, together with appropriate assistance 
to the victims of terrorism. 


(2) MOSCOW RADIATION BOMBARDMENT 


AFSA has taken the position that there should be total cessation of beaming 
microwave radiation at the US Embassy in Moscow on the part of the Soviet 
Union. We have had a number of interviews with Department officials and made 
it clear where we stand on this matter. The Department of State has agreed with 
us that radiation should cease but has so far been unable to have it completely 
stopped. At AFSA’s rging, the Department has undertaken an epidemiological 
study of American personnel in Moscow to determine whether or not there have 
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been any adverse medical effects from radiation exposure. This study is being 
conducted by Johns Hopkins University, but it has experienced considerable de- 
lays and AFSA has been pressing for completion of the study as soon as possible 
since only after the results are known can we determine the exact degree of haz- 
ard to the health of Americans who were exposed to this radiation. The Com- 
mittee is in regular contact with the Moscow Chapter with respect to actions 
AFSA should take with the Department to persuade the Soviets to cease totally 
the radiation. : 

* * * cans who were exposed to this radiation. The Committee is in regular 
contact with the Moscow Chapter with respect to actions AFSA should take 
with the Department to persuade the Soviets to cease totally the radiation 
attacks. At present these levels have been reduced from a maximum of 18 micro- 
watts down to a fraction of 1 microwatt. é 

It is the view of AFSA that in the light of the unknown health effects of 
such exposure, all such radiation attacks should cease. In addition, there is 
a major problem with respect to the precedential question in that as a matter 
of principle, Foreign Service employees abroad should be immune from exposure 
to deliberate acts on the part of host governments which could endanger their 
health and well-being. 

AFSA will continue to press the Department of State for the completion of 
the Johns Hopkins epidemiological study. We have nominated Dr. Lawrence 
Plumlee as our representative on the review committee to examine the efficacy of 
the study. Dr. Plumlee will also consult with AFSA with respect to this whole 
problem area. This is the first time that AFSA has had expert advice in this 
field from a highly regarded environmental scientist and doctor. We also will 
pursue the question of what medical rights American employees should have as a 
result of exposure to radiation in Moscow of which they were not informed. 
Finally, we will be working with our AFSA Chapter and with management. 
officials with respect to what strategy we should pursue to get the Soviets to turn 
off all radiation in Moscow, which currently continues. 


APPENDIX B 


ELECTROMAGNETIC RADIATION MANAGEMENT ADVISORY COUNCIL AGENDA FOR WORK- 
SHOP/SEMINAR ON NONIONIZING HLECTROMAGNETIC RADIATION EFFECTS ON 
IMMUNOLOGIC SYSTEMS AND RESPONSES 


December 15, 1976, 8:30 AM. Office of Telecommunications Policy, 1800 G 
Street NW., Room 730, Washington, D.C. 


MorNING 


I, INTRODUCTORY OVERVIEW EXPOSITION AND DISCUSSION 


Overview. Dr. Thomas P. Stossel, Chief, Oncology Division, Massachusetts 
General Hospital, Fruit Street, Boston, Mass. 

Discussion. 

Capt. Kenneth W. Sell, MC, USN, Commanding Officer, Naval Medical Research 
Institute, Bethesda, Md. ; 

Dr. W. Ross Adey, Professor, Departments of Anatomy and Physiology and 
Brain Research Institute, University of California, Los Angeles, Los Angeles, 
Calif. 

Dr. Ralph Smialowicz, Experimental Biology Division, Environmental Pro- 
“ection Agency, Research Triangle Park, N.C. 

Dr. Charles Liddle, Experimental Biology Division, Environmental Protection 
Agency, Research Triangle Park, N.C. 

Dr. Andrew T. Huang, Duke University Medical Center, Durham, N.C. 


AFTERNOON 


Dr. Philip E. Hamrick, National Institute of Environmental Health Sciences, 
P.O. Box 12233, Research Triangle Park, N.C. 

Dr. Richard H. Lovely, University of Washington, Seattle, Wash. 

Dr. James W. Frazer, USAF School of Aerospace Medicine, Radiobiology 
Division, Brooks AFB, Tex. 

Dr. William Leach, Bureau of Radiological Health, Division of Biological 
Effects, Rockville, Md. 
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Dr. P. Ozerski, Institute of Mother and Child, Warsaw, Poland. (Visiting sci- 


entist/BRH) 
Capt. Kenneth W. Sell, MC, USN, Naval Medical Research Institute, Bethesda, 


Ma. 
Dr. W. Wiktor-Jedrzejezak, Military Institute of Post-Graduate Medical Edu- 


cation, Warsaw, Poland. (Visiting scientist/NMRI) 
III. GENERAL DISCUSSION AND COMMENTS 


Harold Gauper, Jr., Electrical Engineer, Electromagnetic Compatability, Cor- 
porate Research and Development, General Electric Company, Schenectady, N.Y. 

Dr. William T. Ham, Jr., Professor and Chairman, Department of Biophysics, 
Medical College of Virginia, Virginia Commonwealth University. 

H. Janet Healer, Consultant, Bioscience Programs, Office of Telecommunica- 


tions Policy, Washington, D.C. 
Dr. Samuel Koslov, Special Assistant for Research, Office of Assistant Sec- 


retary of Navy, The Pentagon. 

William W. Mumford, Engineering Consultant, Morris Plains, N.J. 

Dr. Herbert Pollack, Professor Emeritus of Clinical Medicine, George Wash- 
ington University, Washington, D.C. Medical Consultant. 

Dr. Charles Suskind, Professor, College of Engineering, University of Califor- 


nia at Berkeley. 
Dr. Arthur C. Upton, Professor, Department of Pathology, State University of 


New York at Stony Brook, Stony Brook, N.Y. 
INVITED SPECIALISTS 


Dr. Thomas P. Stossel, Chief, Oncology Division, Massachusetts General Hos- 


pital, Fruit Street, Boston, Mass. 
Capt. Kenneth W. Sell, MC, USN Commanding Officer, Naval Medical Research 


Institute, Bethesda, Md. 
IMMUNOLOGIC STUDIES, A SUMMARY: 6 AGENCIES, 9 RELEVANT PROJECTS 


Relevant projects Total projects 


1See Air Force. 
Investigator Title/frequency 
J. Elder (BPA) and A. Huang (Duke Effect of Exposure of Chinese Hamsters 
University ). in the Radio and Radar Frequency 
Range on Chromosome Anomalies in 
Circulating Lymphocytes (2.45, 9 
GHz). 
R. Smialowicz, C. Liddle, C. Blackman Effect of MW Radiation on Immune De- 
and (EPA). fense Mechanisms (2.45, 9 GHz). 
D. McRee (NIEHS) --------------- Effects of 2.45 GHz on Embryonic De- 


velopment and Immunological Re-~ 
sponse (2.45 GHz). 

P. Hamrick (NIEHS) -------------- Effects of 1-10 GHz MW Radiation on 
Cell Systems (2.45, 5, 10 GHz). 

P. Czerski (Poland) W. Leach (BRH) Effect of MW on the Response of Mice 
to T Lymphoid Cell Dependennt and 
Independent Antigens (2.45 GHz). 


S. Klainer (Block Engineering) ~----_ Effects of RF on Biological Mocromele- 
cules: Mechanisms of Injury (100 
MHz). 

J. Wrazer (AR) 222-222-2522. 22522 Biological Effects of RIF Transmitter 


Fields (25 kHz-100 GHz). 
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omparison of RF Field Delivery Tech- 


A. R. Lovel University of C f 
ete a niques and Measurable Results in Cul- 


eee ture and Whole Animals (20-500 
MHz). 

J. Bollinger (Southwest Research In- Biological Effects of VLF Band EMR 

stitute). (25 kHz). é 

Barnes (University of Colorado) ----- Effects of MW on the Growth Develop- 


ment and Behavior of Biological Sys- 
tems (2.76 GHz). 


W. Wiktor-Jedrzejezak (Poland) --.-- MW Stimulation of B Cells in Spleens 
, of Exposed Mice (2.45 GHz). 


CHRONIC MICROWAVE IRRADIATION AND Its EFFECT ON LYMPHOCYTE FUNCTION: 
A PRELIMINARY STUDY 


RALPH SMIALOWICZ, EXPERIMENTAL BIOLOGY DIVISION, HEALTH EFFECTS RESEARCH 
LABORATORY, ENVIRONMENTAT, PROTECTION AGENCY, ENVIRONMENTAL RESEARCH 
CENTER, RESEARCH TRIANGLE PARK, N.C. 27711 


Investigators in the Soviet Union and Eastern European countries have sug- 
gested that the immune system of man may be affected by non-ionizing electro- 
magnetic radiation. Changes in the metabolic and functional integrity of lympho- 
cytes obtained from microwave exposed animals have been reported, These find- 
ings suggest that the lymphocyte may be a target for microwave radiation. In 
light of this we have initiated studies to determine if chronic microwave ex- 
posure of rats affects lymphocyte function. We have employed a chronic regimen 
of exposure in an attempt to mimic the type of experiments performed by Soviet 
and Eastern European investigators. 

The in vitro phytoheamagglutinin (PHA)-lymphocyte stimulation test is 
widely used as an indicator of cell-mediated immune competence. This technique 
was used to assess the proliferative capacity of blood and lymph node T-lympho- 
cytes obtained from rats chronically exposed to microwave radiation. The incor- 
poration of *H-thymidine into newly synthesized DNA was used to follow PHA- 
stimulated lymphocyte blastogenesis. 

Time-bred rats were exposed, in a temperature-controlled environment, to 
either 2450 MHz or 425 MHz microwave radiation. One group of pregnant rats 
was exposed at an incident power density of 5 mW/cm’ to 2450 MHz(CW) in an’ 
anechoic chamber. Another group was exposed to 425 MHz (CW) in a Crawford 
cell transmission line at an incident power density of approximately 10 mW/cm’. 
The pregnant rats were irradiated for four hours a day seven days a week until 
parturition. The subsequent offspring were then irradiated, following the same 
regime, through 40 days of age. At 20 or 40 days of age, rats were sacrificed and 
lymphocytes from blood and lymph nodes were cultured. Exposure of rats to 
either frequency resulted in little change in the percentage of lymphocytes or in 
the number of leukocytes circulating in blood compared to sham irradiated con-. 
trols. The PHA-response of lymph mode lymphocytes from rats irradiated at 425 
MHz was consistently found to be significantly increased over the control re- 
sponse in several experiments. Furthermore, blood lymphocytes in one experiment 
with animals exposed to 425 MHz microwaves gave an increased PHA-response 
compared to controls. Changes in the PHA-response of lymph node lymphocytes 
from rats irridated at 2450 MHz was also observed. 

The results of this preliminary study suggest that chronic in vivo exposure to 
microwaves affects the mitogen-stimulated lymphocyte response. The means by 
which these changes occur and the implications of these changes are not known 
at this time. Studies are presently in progress to verify these observed changes 
and to investigate the possible effects of microwaves on the functional integrity 
of the immune system. 


PFFECTS OF MICROWAVES ON ANTIBODY PRODUCTION IN RODENTS 


CHARLES G. LIDDLE, EXPERIMENTAL BIOLOGY DIVISION, HEALTH EFFECTS RESEARCH 
LABORATORY, ENVIRONMENTAL PROTECTION AGENCY, ENVIRONMENTAL RESEARCH 
CENTER, RESEARCH TRIANGLE PARK, NC 27711 


Studies are being conducted to evaluate the circulating antibody (B cell) re- 
sponse of animals exposed to microwaves during the period of antibody response. 
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Six groups of four mice each were innoculated with Streptococcus pneumonae and 
irradiated for 2 hours a day with 9 GHz pulsed (1 usec pulse width, 1 KHz pulse 
repetition rate) microwaves at an incident average power density of 10 mW/cm? 
Antibody titers and hematological parameters (red blood cell, white blood cell, 
hemoglobin, hematocrit, differential) were measured on the day following irradi- 
ation. The titers in the irradiated animals were significantly higher (p=.04) than 
in the sham irradiated animals, but there were no significant alterations of any 
of the hematological parameters, Also, three groups of fifteen mice each were 
irradiated with 2450 MHz CW microwaves at an incident power density of 
10 mW/cm’ in a similar manner. There was no difference in antibody titers be- 
tween irradiated and sham irradiated animals. 

A preliminary study of twenty four rats exposed in utero from day six of gesta- 
tion until twenty days postnatally (5 mW/cm?, 4 hours daily) was conducted 
using 2450 MHz CW microwaves. The antibody titers in the irradiated animals 
were somewhat higher than in the controls (p=.10). 


LYMPHOCYTE TRANSFORMATION 
INDUCED BY MIcROWAVE RADIATION 


(By A.T. Huang, et al.) 


Effects of microwave radiation have been examined in blood lymphocytes from 
Chinese hamsters irradiated for 15 minutes on 5 consecutive days at 2450 MHz 
(CW) with power densities from 5 to 45 mW/cm?. Absorbed dose measurements 
were determined by twin-well calorimetry. One hour after irradiation, blood 
lymphocytes were obtained from orbital hemorrhage. Cells were cultured for one 
day if unstimulated or for three days if stimulated with phytohemagglutinin 
(PHA) to induce mitosis. After termination, lymphocytes were processed for 
morphological and cytogenetic analyses with a brief colchicine treatment to arrest 
cells in metaphase. Microwave radiation caused a transient, reversible and dose- 
related (5-30mW/cm*) increase in blastic transformation of unstimulated lym- 
phocytes. However, frequency of cell divisions from PHA-stimulation decreased 
in irradiated samples. Both effects were evident at 5 mW/cm?, Autoradiography 
of cells labeled with [°H]-thymidine showed no evidence of radiation-related 
DNA repair. Cytogenetic analysis of the irradiated samples demonstrated no 
significant chromosomal aberration within these power densities, 


Stupies at NIEHS ReLatine To THE EFFECT OF 
MIcROWAVE RADIATION ON IMMUNITY 


Fertile Japanese quail eggs were exposed to continuous wave microwave 
radiation at an intensity of 5 mW/cm? (50 W/m‘) and a frequency of 2450 MHz. 
The absorbed power density was determined to be 4.08 W/kg. The eggs were 
exposed throughout the first twelve days of the normal incubation period of 17.5 
days. Non-exposed control eggs were incubated in a chamber identical to the 
exposure chamber. In our first series of experiments, the quail were carefully 
examined and sacrificed at the time of hatching. Major organ weights (heart, 
liver, pancreas, adrenals) and blood parameters were compared between exposed 
and control birds. The only significant differences found were in the hemoglobin 
concentration (4% increase) and in the monocyte percentage (decrease). The 
birds appeared normal in all other respects. 

In our next series of experiments on the quail, the exposure conditions were 
as before but after hatching the exposed and control quail were not sacrificed 
but were reared in the conventional laboratory manner. Weekly body weight 
measurements were made to compare the growth patterns of exposed and control 
quail. The weights of the exposed male at the ages of four and five weeks were 
12 and 7 percent, respectively, less than the control males. These differences ap- 
proached statistical significance (P=0.05). At five weeks of age the quail were 
challenged with sheep red blood cells (SRBC) and the levels of the anti-SRBC 
antibodies, determined four days after antigen challenges, were of the same 
magnitude for both the exposed and control quail. Following this assessment of 
humoral immunity, the quail were sacrificed and the bursa of Fabricius and 
spleen were removed and a comparison was made of exposed and control birds. 
The weights of the bursa of Fabricius and spleen were not altered significantly 
by the microwave exposure. ; ; 

In our most recent series of experiments (not completed), the quail were 
exposed as in the previous two series but were allowed to develop to 22 weeks of 
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age. At this time the birds were sacrificed and organ weights compared and some 
histological sections taken. Although the studies are not complete, there appears 
to be some changes in the liver and in the bursa of Fabricius of exposed females 
that are not observed in control females. 

In addition to the above in vivo study relating to immunological function, rat 
lymphocytes have been exposed in vitro to continuous wave microwave radiation - 
at a frequency of 2450 MHz at intensities of 5 mW/cm’, 10 mW/em? and 
20 mW/cm*. The corresponding absorbed power densities were determined to 
be 0.7 mW/gm, 1.4 mW/gm and 2.8 mW/gm. The lymphocytes were exposed for 
4 hours, 24 hours or 44 hours either with or without the addition of the mitogen 
phytohemagglutinin. The transformation of lymphocytes into lymphoblasts was 
monitored by the addition of tritiated thymidine. No significant differences 
(P=.05) were found in the uptake of tritiated thymidine between exposed and 
control cultures under the conditions tested. 


RESPONSE OF LYMPHOCYTES IN-ViTRO To 80 MHz Rapio FREQUENCY EXposuRE 


Richard H. Lovely, Arthur W. Guy and Thomas J. Sparks, Bioelectromagnetics 
Research Laboratory, Department of Rehabilitation Medicine, University of 
Washington School of Medicine, Seattle, Wash. 


Freshly obtained primate lymphocytes (M. mulatta) are suspended in culture 
media and stimulated with PHA mitogen immediately prior to a 20 minute 
exposure to 30 MHz RF fields. The preparations were exposed to electric field 
strengths of 5 V/cm with magnetic field strength of 3.77 a/m (within the media) 
at a controlled temperature of approximately 36.5°C (0.08 SE) in the exposure 
system described by Guy [1]. The exposed cultures are then routinely incubated 
in a 5% COs environment for anywhere from 48 hours up to 96 hours for different 
cultures obtained from the primate population. Stimulated cells are blocked at 
metaphase with colcemid and harvested 30 minutes later. Following staining with 
Giemsa, slides are then examined for the percentage of blast cells present and for 
the mitotic figures to determine what if any, effects relative to standards, sham- 
exposed and other culture controls, the RF exposure has had. Expressing either 
the percentage of blast cells or the mitotic index (percentage cells blocked at 
metaphase) as difference scores from the appropriate control cultures, we have 
found no significant differences between RF exposed cells or control cultures in 
terms of peak mitotic figures or in terms of the distribution in time of the 
mitotic index. Similarly, we have found no significant differences in the blast 
cell, data, although these are much more variable. These findings appear to hold 
both within and across primates tested. 

On the other hand, it has taken us nearly a year to collect a rather minimal 
amount of data. Re-evaluation of our culture outcomes in terms of success rate 
(obtaining viable cultures from which the appropriate data can be garnered) 
has revealed that a significantly higher number of lymphocyte cultures fail to 
grow following 30 MHz RF exposure, viz., when harvested at different points in 
time there are simply not enough viable cells in the RF exposed group to make 
the appropriate determinations relative to the various control groups—which 
do produce viable outcomes. 

More recently, we have had a higher success rate in obtaining viable lympho- 
eyte cultures from the RF exposed groups, but preliminary evidence still suggests 
that the total number of cells available for evaluation is far less than the number 
available in the control groups, and that this is the case immediately following 
RF exposure when stimulated first by the PHA mitogen. 

Finally, some very preliminary data on the immuno-competence of rats exposed 
to approximately 1000 hours, 915 MHz microwaves will be presented. 
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LyMpHocyTic RESPONSE IN Mice Exposep To 2450 MHz RapIaTIon 
P. Czerski,? L. J. Gillespie,? W. M. Leach, and T. P, O’Neill, U.S. Department of 
1FDA Visiting Scientist, on leave from the National Research Institute of Mother and 


Child, Department of Genetics, Warsaw, Poland. 
2 Retired. 
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Health, Education, and Welfare, Public Health Service, Food and Drug 
Administration, Bureau of Radiological Health, Division of Biological 
Effects, Rockville, Maryland 20857 

Lymphocytosis of the peripheral blood has been reported in guinea pigs exposed 
to 2950 MHz radiation (1) and in monkeys exposed to 10.5, 19.27, and 26.6 MHz 
radiofrequency radiation (2). Lymphoblastoid cell effects in body organs 
(thymus, spleen, liver, and Imyph nodes) have been reported after exposure 
of mice to 3.105 MHz radiation (3), and to 2950 MHz radiation (4). Lympho- 
blastoid transformation of human lymphocytes exposed in vitro to 2950 MHz 
radiation has also been described (5). A parameter common to most of these 
cited studies in that multiple repetitive exposures were employed. 

The present studies were undertaken to explore the dose-response relationships 
of the lymphoblastoid response in mice. Adult CF 1 male mice, weighing between 
21-85g, were exposed individually to 2450 MHz radiation in an environmentally 
controlled waveguide apparatus, described elsewhere (6). For one-time expo- 
sures 116 mice were used ; or three-time exposures, 107 mice were used. Untreated 
control animals were used with each experiment to establish a normal blood 
picture; sham-irradiated animals were used as controls for irradiations. At 
intervals after exposure, blood was taken from the tail vein of mice, and 
hematological routines were performed, including microhematocrit and total, 
and differential white blood cell counts on Wright’s stained smears. ; 

Results from the studies on mice exposed one time are summarized as follows: 

1. Exposure of mice in the range of whole-body absorbed average power 
(W-B AAP) of 10-35 mW/g resulted in appearance of lymphoblastoid cells, de- 
fined as cells which correspond morphologically to lymphoblastoid cells induced 
in vitro by mitogenic substances, 6-8 days after microwave exposure. 

2. At 10 mW/g W-B AAP, a 5 minute microwave exposure resulted in the 
blastoid response in approximately 50 percent of animals, and a 20 minute 
exposure resulted in the response in 100 percent of animals. At 20 or 35 mW/g 
W-B AAP, 100 percent of animals showed the blastoid response. 

3. Lymphoblastoid cells may be observed as early as 2 days after microwave 
exposure, but the data indicated that the response was not consistent. 

4, Transient neutropenia and neutrophila was observed during the first 5 days 
after both microwave and shamp exposure of some animals, particularly after 
exposures to microwaves in the range 40-95 mW/g W-B AAP. 

The results from the studies of mice exposed for 30 minutes at three times 
to 10 mW/g W-B AAP are summarized as follows: 

1. Mice exposed on days 0, 8, and 6 showed lymphoblastoid responses similar 
to those following a single exposure, in that the first appearance of the lympho- 
blastoid cell was about 6 days after the last exposure. , 

2. Mice exposed on days 0, 2, and 5 shows consistently lymphoblastoid cells 
b6 24 hours after the last exposure, and a peak of the cells about 2-2.5 times 
higher than that of animals exposed on days 0, 8, and 6. 

8. Amplitude nodulation (12 Hz) by a 3310A Hewlett Packard function 
generator failed to affect the obtained results. 

In either of the studies, lymphoblastoid cells were not observed in control or 
sham-irradiated mice. 
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Jarrect or Low Dose MICROWAVES ON THE IMMUNE RESPONSE OF MICE 


Capt. K. Sell, MC, USN, Naval Medical Research Institute, Bethesda, Md., Dr. W. 
Wiktor-Jedrzejezak (Poland), visiting scientist/NMRI 

CBA/J male adult mice were exposed to 2450 MHz microwaves (Amplitude 
modulated 12 Hz) at a forward power 0.6 watts for 380 minutes in an environ- 
mentally controlled waveguide facility. The absorbed dose rate was computed 
from measurements of forward, reflected, and transmitted power and was about 
14 mW/g body weight of the animal for each exposure. The experiments were 
carried out with two groups of mice. One group received a single exposure for 30 
minutes, the other group a total of three exposures of 30 minutes each at three day 
intervals. Sham exposed animals served as controts. 

A single exposure to microwaves in such conditions produced a significant 
increase in the frequency of a subpopulation of B lymphoid cells bearing a 
receptor for complement (CR+). Triple exposures not only enhanced this effect, 
but also significantly increased the total frequency of Ig+B cells in spleens 
of exposed mice. The effect was pronounced seven days after exposure and was 
independent of cell proliferation since the total number if spleen cells and 
the incorporation of 3n-TdR (DNA-precursor), 3n-Uridine (RNA-precursor) 
and 8x-Leucine (protein precursor) by spleen bone marrow, and peripheral 
blood lymphoid cells of the exposed mice remained unchanged. This effect could 
not be related to the arrest of further maturation of B cel's in CR+ stage, since 
seven days after a single exposure the number of cells spontaneously forming 
IgM antibody also increased as evaluated by the plaque assay. Moreover, the 
functional immune capacity of these mice was evaluated by the response of 
their spleen cells in vitro to B cell-specific mitogens dextran seulphate lipopoly- 
saccharide, poly I.D., and PPD-tuberculin. While there was no significant 
increase in their ability to respond to dextran sulphate (which stimulates 
neonatal B cells), there was a significnt increase in their ability to respond 
to the other B cell mitogens used. 

The proportion of T lymphoid cells (theta-positive) remained unaltered 
similarly as their functional capacity as evaluated by response of spleen cells 
in vitro to the T cell specific mitogens-phytohemagglutinin and concanavalin A 
and to allogeneic stimulator cells in mixed lymphocyte cultures. 

Groups of CAB/J male adult mice were injected on day “0” with 0.5 ml of saline 
or 0.2 ml of T lymphoid cell dependent antigen (i.e. requiring the cooperation of 
T cells for the production of antibody )—sheep red blood cells (SRBC) or 100 ug 
of synthetic T cell independent antigen (i.e. B cells produce antibody without 
cooperation with T cells)—-DNP-lysine-Ficoll. On days 1, 2, and 3 the experi- 
mental groups consisting of four animals each were exposed to 2450 MHz micro- 
waves. Controls consisted of mice which were sham-exposed. Exposures were 
performed in an environmentally controlled waveguide facility with a forward 
power of 0.6 watts to the average absorbed dose rate about 12 mW/g body weight 
for each exposure. On day 4 mice were sacrificed and their spleen cells were 
assayed for antibody by the modification of the direct plaque assay of Jerne. 
Cells from’ SRBC immunized animals were assayed using SRBC as indicator 
cells, while cells from DNP-lys-Ficoll immunized mice were plaqued against 
SRBC coated with appropriate antigen determinant—trinitrohenzene sulfonic 
acid. Cells from saline injected animals were assayed against both these 
indicators. 

While the number of IgM antibody secreting cells increased in non-immunized 
(saline) microwave-exposed mice as compared to non-immunized sham animals, 
the ability to form specific antibody against heth T-denentent and T-inderendent 
antigen decreased in microwave exposed animals. The difference was, however, 
stern uae significant only in the case of their response to the T-independent 
antigen. 

These results suggest that while microwaves stimulate non-specific reactivity 
of B lymvhoid cells. they simultaneously decrease the number of antigne reactive 
cells specific for both thymus dependent and independent antigens. These exposure 
conditions of microwaves in vivo seems to be weakly immunosuppressive. Further 
studies on the mechanism of this reaction are currently in progress. 
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SomrE EFFECTS OF ELECTROMAGNETIC RADIATION ON THE IMMUNE SYSTEM 
(James W. Frazer, Ph. D., USAF School of Aerospace Medicine, 
Radiation Sciences Division, Brooks AFB, Tex.) 

Relatively high values of specific absorbed radiation (SAR) have been found 
in the extremities of animals exposed to frequencies below their geometric 
‘resonance frequency with field electric vectors paralleling the extremity. In other 
instances, the close apposition of the base of the brain to the dielectric dis- 
continuity offered by the floor of the cranium insures higher than average 
SAR in this region also. Both of these circumstances predict some effect on the 
maturation and liberation of bone marrow elements, as well as effects on release 
of pituitary hormones with secondary effects on the reticulo endothelial system. 

Frequencies utilized in the series of experiments reported range from 25 
kHz to 26 MHz. Fields employed were sufficient to produce appreciable in-tissue 
fields, but insufficient to produce measurable hyperthermia except at 26 MHz. 

In fields of 25 kHz, 15 kV/meter, it was found that tritiated thymidine 
incorporation into DNA of animals exposed for 1 hour a day continuously 
increased over a period of approximately three months. Littermate controls 
showed no such increases. A survey for parasite infestation revealed no qualita- 
tive difference between the groups of animals, though both groups were exten- 
sively infested with round worms present at the time of arrival. Cells tested 
were removed from marrow and cultured so that most cells were marrow 
lymphocytes. 

In another series of experiments, it was found that lymphocytes removed 
from monkeys (Macaca mulatta) 8 days following a single exposure to fields of 
10, 19, or 26 MHz fields, 5880 V/m, 17 percent duty cycle responded to addition of 
phytohemaglutinin 3-5x as much as pair handled controls. Culture of ceils 
extended 96 hours after removal from the animal. Lymphocytes were cultured 
in the presence of RBC. Hyperthermia, measured by rectal temperature and by 
radiometer surface scan, was only produced at 26 MHz. 

Rats exposed daily to 19 MHz fields in the near-field synthesizer with electric 
and magnetic vectors coincident at 8 kV/m and 50 Amp/m had a depressed 
lymphocyte count when sampled on the 4th day of radiation, and demonstrated a 
small increase in plasma alpha 2 globulin content. No significant changes were 
found in plasma cortisol, serum aldosterone, or 24 hour excretions of 17 hydroxy 
or 17 ketosteroids or aldosterone. Animals brought to the same rectal temperature 
by exposure for a similar period of time to a warm environment demonstrated 
an increased aldosterone excretion as expected. 

Rats given a single acute exposure to 19 MHz, 3400 V/m fields responded 
with a decrease in circulating lymphocytes reaching minimum 7-12 hours post 
exposure and returning nearly to normal in 24 hours. Another group exposed to 
1700 V/m showed no such response. 

A large series of molecules was exposed in solution to frequencies ranging 
from 10 MHz to 100 MHz. Evidence of alteration in molecular structure was 
obtained from Raman or Fourier transform infrared spectrometry. Molecular 

. species ranged from glycine, through several nucleotides. t-RNA. chymotrypsin 
to calf thymus DNA. Lower molecular weight compounds did not demonstrate 
alterations in structure under the carefully thermostatted conditions used. H. 
coli t-RNA gave evidence of hydrogen bond disruption and increased P-O stretch- 
ing amplitudes. Chymotrypsin behaved as if there was a “Stiffening” of the 
peptide chain. DNA showed little evidence of perturbation, other than equivocable 
evidence of change in hydration. 

We believe the data indicate, though do not prove, the existence of 2 effects 
of the application of the fields utilized. One is a response similar to that 
expected from hyperthermia; i.e., a transient glucocorticoid release and lymph 
depression with a time course similar to that shown to occur in higher frequency 
fields by Michaelson, and whose consequences to lymphocytes was demonstrated 
many years ago as part of the “‘Alarm” reaction. 

The other effect is more subtle, depending on direct interaction with a set 
of macromolecules either in the releasing sequences, or in the lymphocyte itself. 
This effect is expected to occur at low fields, and should be investigated in 
pulsed fields. ; 
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1977 INTERNATIONAL SYMPOSIUM 


On The 


BIOLOGICAL EFFECTS OF ELECTROMAGNETIC WAVES 


GENERAL 


From October 30 through November 4, 1977, 
the URSI, Commissions A and B, and the USNC/ 
URSI, Commissions A and B, with the cooperation 
of the IRPA, will conduct the INTERNATIONAL 
SYMPOSIUM on the BIOLOGICAL EFFECTS OF 
ELECTROMAGNETIC WAVES at Airtie, Virginia, 
U.S.A. The URS! General Assembly of 1975, held 
in Lima, Peru, adopted a Resolution which indi- 
cated a growing concern with biological effects of 
electromagnetic radiation and the need for the co- 
operation of physical scientists with biomedical 
scientists and organizations to address this inter- 
disciplinary topic, This first INTERNATIONAL 
SYMPOSIUM on the BIOLOGICAL EFFECTS OF 
ELECTROMAGNETIC WAVES is the direct result 
of the activities of the URSI Working Group in 
support of the Resolution and of the activities of 
the U.S. Commissions A and B of the USNC/URSI 
to foster interdisciplinary exchanges of informa- 
tion and viewpoints on an international scale. 


LOCATION 


The 1977 INTERNATIONAL SYMPOSIUM on 
the BIOLOGICAL EFFECTS OF ELECTRO- 
MAGNETIC WAVES will be held in the self- 
contained conference facilities of the Airlie House, 
Airlie, Virginia, U.S.A., focated in a lovely country 
setting of the foothills of the Blue Ridge Moun- 
tains. Although only a few miles and minutes re- 
moved from national and international air termi- 
nals and the busy urban scene of the national 
capital city, Washington, DC, these facilities pro- 
vide the'protective isolation for SYMPOSIUM par- 
ticipants to meet together formally and informally 
with maximum ease and minimal distraction. A 
description brochure of the Airlie House confer- 
ence facilities accompanies this announcement. 

The SYMPOSIUM will have exclusive use of the 
Airlie House conference facilities during the week 
of the meetings. The main building, Airlie House, 
will be used for registration, afl technical meetings 
and dining (three meals daily, including the 
Banquet). Lodging for the first 190 registered par- 
ticipants will be provided in nearby residence at 
Airlie (Silo House, Farmer’s House, Carriage 
House, Groom's Cottage and take Cottage). 
Lodging for additional registered participants will 
be arranged in nearby motels (Warrenton, VA) 


with transportation provided to and from the 


SYMPOSIUM and ail meals taken at Airlie Housa, 


Because the Airlie facilities will be so fully oc- 
cupied by the SYMPOSIUM, the Committee will 
not make todging and dining arrangements for 
non-participants. Participants that plan to be ac- 


“companied by family members must make their 


own arrangements for lodging and meals. A listing 
of nearby motels is provided, without any endorse- 
ment by the SYMPOSIUM, solely to accommodate 
those that register for the SYMPOSIUM but wish 
to make their own arrangements for lodging. 

The Airlie facilities include a large number of 
smal! sized conference and meeting rooms in Airlie 
House and the resident houses. These can be made 
available during the week for use by small groups 
of participants when technical meetings of the 
SYMPOSIUM are not in session. Prior arrange- 
ments for such use can be made by contacting the 
ON-SITE ARRANGEMENTS CHAIRMAN or, 
during the SYMPOSIUM, by contacting the 
SYMPOSIUM OFFICE, Foxes Den, Airlie House. 

A Publicity-Press Room will be maintained ‘in 
Airlie House during the period of the SYMPO- 
S!UM. 


ADVANCE REGISTRATION 


The advance registration fee €se0)rhe Ad- 
vance Registration form and the Application for 


Lodging form accompany this announcement. The 
completed forms-and the registration fee must be 
received on or before Monday, September 19, 
1977, for United States, Canadian and Mexican 
tesidents, and Monday, October 3, 1977, for over- 
seas residents, The registration fee after September 
19 {domestic) and after October 3 (overseas) is 
$100. 

The Advance Registration form, the registration 
fee and the Application for Lodging form should 
be mailed to the FINANCE CHAIRMAN in the 
envelope provided. 

Those registering in advance by mail may pick 
up their registration materials (badge, program 
notices, etc.) at the Advance Registration Desk at 
Airlie House (Board Room) at tima of arrival, 

Advance registration for less than the full 
period of the SYMPOSIUM will not be honored. 
Only those cancellations received on or before Oc- 
tober 3, 1977, will be honored. 


ON-SITE REGISTRATION 


Advance registration by mail is strongly recom 
mended, The registration feo ot the SYMPOSIUM 
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will be $100 and registration for any one day of ° 


the SYMPOSIUM is $30. The Registration Desk at 
Airlie House (Board Room) will be open from 
1400-2000 hours, Sunday, October 30, 1977, and 
will be open after 0730 hours on subsequent days. 

Attendance at afl technical sessions, meals and 
other uses of the Airlie House conference facilities 
during the SYMPOSIUM will require registration, 
Access to conference rooms and dining under the 
SYMPOSIUM arrangements will require that the 
registration badge be shown each time. 

The SYMPOSIUM will make an effort to ar- 
range lodging for those registering on-site for the 
Period of the SYMPOSIUM. This will be on a first- 
arrwal basis starting at 1400, Sunday, October 30, 
1977. Again, it is urged that lodging be arranged 
well in advance of arrival since lodging capacity at 
Airlie House and in Warrenton is limited. 

One-day registrants will have to make their own 
arrangements for lodging. Meals will be provided 


On a space-available basis at the ‘day quest’’ rates. 


charged at Airlie House (breakfast, $5.75; lunch- 
eon, $8.50; dinner, $10.25; Banquet, $12.75, plus 
4% state sales tax). 


PUBLICATIONS 


Each participant registered for the SYMPO- 
SIUM will receive one copy of the 1977 INTER- 
NATIONAL SYMPOSIUM PROGRAM and 
ABSTRACTS at registration. Extra copies of this 
publication can be obtained at the SYMPOSIUM 
for $5.00 at the registration desk, Board Room, 
Airlie House, After the SYMPOSIUM, copies of the 
PROGRAM and ABSTRACTS can be obtained 
from Mr. Richard Y. Dow, USNC/USRI, National 
Academy of Sciences, 2101 Constitution Avenue 
NW, Washington, DC 20418. 

Each participant registered for the SYMPO- 
SIUM will atso receive one copy of a volume of 
refereed papers from the 1977 INTERNATIONAL 
SYMPOSIUM' that will be published as a special 
supplement to RADIO SCIENCE in 1978. Profes- 
sor D, R. Justesen and Dr. R. C, Baird will serve as 
the co-editors of this volume. Extra copies of this 
volume can be ordered at the SYMPOSIUM at the 
pre-publication rate of $13.50 at the registration 
desk, Board Room, Airtie House, After publica- 
tion, the cost of the volume will be substantially 
higher. 

Participants that are registered for less than the 
full period of the SYMPOSIUM will mot receive a 
copy of the 1977 INTERNATIONAL SYMPO- 
SIUM special supplement to RADIO SCIENCE as 
part of the registration fee but can place an order 
for this volume at the pre-publication rate of 
$13.50 at the registration desk, Board Room, 
Airlie House, 


SYMPOS!IUM INFORMATION 


Prior to October 29, generat questions concern- 
ing the conference may be directed to the SYMPO- 
SIUM COMMITTEE CHAIRMAN, Dr. Moris L. 
Shore, Questions concerning program should be 
directed to the TECHNICAL PROGRAM CHAIR- 
MAN, Or. A. W. Guy; those concerning registration 
to the FINANCE .CHAIRMAN, Dr, Th. C. Rozzell; 
those concerning publicity to the PUBLICITY 
CHAIRMAN, Dr, P. €. Tyler; and those concerning 
conference facitities, lodging, meals and transporta- 
tion to the ON-SITE ARRANGEMENTS CHAIR. 
MAN, Mr. E. L. Hunt. The addresses are listed else- 
where in this announcement. 

During the period of the SYMPOSIUM, the 
Registration and Information Office, located in the 
Board Room, Airlie House, will be open from 
1400-2000 hours, Sunday, October 30, and from 
0730-1800 hours on subsequent days, closing at 
1400 hours, Friday, November 4, Telephone 
messages for participants will be accepted at (703) 
347-1300 {or 273-6554 from Washington, 0.C, 
area) during these hours. A message board and a 
lodging directory will be located in the Board 
Room, available during the hours that Airlie House 
is open (0700-2300 hours). 


AUDIO-VISUAL EQUIPMENT 


Projection equipment available for the technical 
sessions (Federal Room, Airtie House) will be 35 
mm and viewgraph (overhead) projectors. Persons 
needing other types of equipment should make 
special arrangements well in advance of the meet- 
ing with the On-Site Arrangements Chairman, 
Note: Visual aid materials should be prepared with 
clarity and visibility in mind. Use oversize lettering 
and heavy lines, Be sure to number and identify all 
visual aid materials. 


TECHNICAL PROGRAM 


Times listed in the program for technical papers 
will be followed, Because of the arrangements 
made for serving meals, closely scheduled with the 
meetings, adjournment of sessions just prior to 
Luncheons and Dinners will be rigidly followed. 

Each technical session will be co-chaired, with 
one of the chairmen being an overseas participant 
of the Symposium. The co-chairmen for each 
session will be announced in the PROGRAM AND 
ABSTRACTS booklet. ae 

There will be no concurrent sessions, The main 
meeting room (Federal Room) will be augmented 
by a satellite meeting room (East Room). The 
second meeting room will be outfitted with video 
monitors, audio speakers and a microphone to pro- 
vide means for full participation. - 
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ROUND TABLE SESSION 


In addition to the full schedule of technical 
sessions, a special round table on a current research 
topic of wide, general interest will be convened on 
Tuesday evening, November 1. Topic and speakers 
are listed at the end of the Technical Program. 


SYMPOSIUM BANQUET 


A reception and Banquet will be held at Airlie 
House for SYMPOSIUM participants on Wednes- 
day evening, November 2, with Banquet service to 
start at 1900. There will be no additional charge to 
Participants for the Banquet. The program and 
speaker will be announced. 


TRANSPORTATION TO AIRLIE, VIRGINIA 


A map of highway routes from Washington, 
D.C. and from Dulles and National airports, to 
Airlie, VA, is contained in the descriptive brochure 
of Airlie House that accompanies this announce- 
ment. Travel time from Washington, D.C. by auto- 
mobile is approximately one hour. 

Scheduled Trailways buses operate from Wash- 
ington, 0.C. to Warrenton, VA several times 
throughout the day, with a one-way charge of 
slightly more than $3.00. Information on trans- 
portation to Airlie from Warrenton may be obtain- 
ed by contacting the SYMPOSIUM by telephone 
(347-1300). 

Transportation from Dulles International Air- 
port or from National Airport can be obtained by 
taxi and limosine services. The limosines are oper- 
ated by Greyhound Airport Service from a dis- 
patcher desk located centrally at Dulles and in the 
main terminal at National, From Dulles Airport the 
price for transportation arranged by the SYMPO- 
SIUM on Sunday afternoon and evening, October 
30, will be $5.50 each, cash, and from National 
Airport, $7.50 each, To help coordinate transpor- 
tation from both airports to Airlie, a SYMPOSIUM 
official will be located at the dispatcher desk at 
each airport. Participants wishing to take advan- 
tage of this coordination are to inform the SYM- 
POSIUM, using the postal card form accompany- 
ing this announcement titled ‘Arrival Information 
for Sunday, 30 October.”" This should be mailed 
for receipt by October 24 to the ON-SITE AR- 
RANGEMENTS CHAIRMAN. Those traveling 
from Washington, D.C. and vicinity can take ad- 
vantage of this service by using the postal card 
mailer to inform the SYMPOSIUM of the time 
on October 30 that they plan to get to an air- 
port by surface transportation. Coordination of 
Greyhound airport limosine service to Airlie will be 
provided by the SYMPOSIUM only as indicated, 
on October 30. Travel from Airlie to the airports at 
the end of SYMPOSIUM will be arranged for Fri- 
day, November 4, and participants should watch 


96-475 O - 78 - 20 


for an announcement or inquire at the Registration 

and Information desk, Board Room, Airlie House, 

on Thursday, November 3. - 
LODGING; MEALS AND LOCAL 
TRANSPORTATION ~ 

The arrangement for lodging and meals for the 
SYMPOSIUM is by the American Plan and, because 
of the limited capacity, will be made available for 
only the first 350 registrants. The rate for the 
SYMPOSIUM participants is $27.50 per day 

¢ ($137.50 for the 5 days) plus a 4% state sales tax, 
ayment to Airlie House in cash or by check (no 
credit cards) is due on departure on Friday, 
November 4, Adjustments will be made for late 
arrivals to 1000 hours, Monday, October 31, for 
missing, in progression, Sunday evening dinner, one 
night’s lodging and breakfast on Monday, and for 
early departures Friday morning, November 4, 
missing Friday lunch. No adjustments will be made 
for meals made available but not taken during the 
rest of the SYMPOSIUM period. 

Registered participants who make their own 
arrangements for lodging during the SYMPOSIUM 
will be offered meal service at the SYMPOSIUM 
rates if pre-paid at the time of registration. This 
rate is $17.00 per day ($85.00 for the 5 days) plus 
a 4% state sales tax and with adjustments available 
for the first two meals and the last meal that might 
not be taken during the period of the SYMPO- 
SIUM. 

Participants who register for less than the full 
period of the SYMPOSIUM or who do not wish to 
take advantage of the prepayment for meals at the 
SYMPOSIUM. rate will be charged at the “Day 
Guest’’ rate for each meal taken. These rates are: 
breakfast—$5.75, lunch—$8,50 and dinner— 
$10:25, plus 4% state sales tax. Meals for such par- 
ticipants will be provided on a space-available basis. 

Double occupancy lodging is standard for the 
Airlie facilities. At an additional charge of $7.00 
per day, plus a 4% state sales tax, a limited number” 

"Of single occupancy’ rooms will be available in~ 
‘motel facilities reserved iri Warrenton for thé’ 
SYMPOSIUM. Assignment of each participant’s 
‘toommate will“be made by the SYMPOSIUM in 
making room assignments except where both par- 
ticipants prearrange the assignment. Each must 
indicate this preference for the other registrant at 
the time of registration or on the ‘‘Application for 
Symposium Lodging’ form submitted with the 
"Advanced Registration’’ form. Both forms and an 
addressed envelope ready for postage and mailing 
accompanies this announcement. If the applicant 
has no preference for a roommate assignment, the 
appropriate blank on the application should state 
“'no preference” or be left blank. Room assign- 
ments will be made on a first-received (advance 
registration) or first-arrive (on-site registration) 
basis. Residence space at Airlie will be assigned 
first, with applicants after the first 190 assigned to 
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motel spaces reserved for the SYMPOSIUM in 
Warrenton. 

SYMPOSIUM participants who are lodged in 
Warrenton motels by arrangements with Airlie 
House will be provided free limosine service to and 
from their motels, scheduled to deliver participants 
at Airlie House in time for breakfast and to return 
late evening. This transportation will also be avail- 
able during the day according to need (consult 
Information Desk, Board Room). Free parking is 
available for participants who employ their own 
vehicles for transportation. 


MEAL SCHEDULES 
Only the eating facilities at Airlie House are 


available locally for the SYMPOSIUM (Commercial 
restaurants on RT 211 are three miles, or more, in 


distance from Airlie House). Meal times are 
scheduled as follows: 
Breakfast (all mornings): 0715-0830 
Luncheons; Monday-Thursday: 1230-1330 
Friday: 1245-1345 
Dinners; Sunday: 1900-2030 
Monday, Tuesday and Thursday: . 


1830-2000 
Wednesday :(Banquet): ©1900-2100 


All meals, except the Banquet, are served buffet 
style. A Coffee/Tea Break (no cost) is scheduled 
mid-morning and mid-afternoon during each day of 
the SYMPOSIUM. A bar will operate at Airlie 
House (Studio Room) after adjournment of each 
day’s technical sessions through the dinner period 
and two additional bars (Silo House Tavern and 
Lodge Bar) will operate through the dinner and 
evening periods. A standard charge will be made 
for drinks and set ups. 


ANTICIPATED WEATHER CONDITIONS 


Early November at Airlie, VA, is a transitional 
season of the year. It usually is sunny and warm 
during the day (75 °F) and very cool during eve- 
ning and night times, requiring sweaters or light 
covering. Rain, or even light snow flurries can 


occur at this time of year and participants, accord- 
ingly, should come prepared for such a con- 
tingency. 


LOCAL MOTELS 


This listing of motels, all located 3 miles or 
more from Airlie, VA, is provided (without any 
endorsement by the SYMPOSIUM) for information 
to participants registered for the SYMPOSIUM 
who need to make their own arrangements for 
lodging. These motels are listed alphabetically and 
the number of single and double rooms each has 
for rent is indicated, 


Number of Rooms 
10 single, 20 double 


Name and Address 


Cavalier Motel 
Warrenton, VA. 
(703) 347-4333 


Holiday Inn 
Manassas, VA « 
(703) 361-0131 


Howard Johnson 
Warrenton, VA 
(703) 347-4141 


Jefferson Motel 
Warrenton, VA 
(703) 347-4000 


Lee-Hi Motel 
Gainesville, VA 
(703) 347-3414 - 


Ramada Inn 
Manassas, VA 
(703) 361-0221 (or -1424) 


Rip Van Winkle Motel 
Warrenton, VA 
(703) 347-7272 


Terrace Motel 
Gainesville, VA 
(703) 347-2427 


Warrenton Motor Lodge 
Warrenton, VA 
(703) 347-2600 


9 single, 120 double 
28 aaa 28 double 
10 single, 18 double 
3 single, 8 double 
123 double 

23 double 

14 single, 4 double 


22 double 
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TECHNICAL PROGRAM 


MONDAY MORNING, OCT. 31, 0830-1000 


OPENING SESSION 
Chairman: Don R. Justesen, Veterans 
Administration Hospital, Kansas City, MO 64128 


Symposium Welcoming and Special Announcements 


Physical-Sclence Keynote Address 

Interdisciplinary and International Contributions 
to Electromagnetic Bloeffects Research: Past Per- 
formance and Challenges for the Future. Professor 
Curtis C. Johnson, Chairman, Department of Blo- 
saameerings University of Utah, Salt Lake City, UT 


Biological-Science Keynote Address 

Some Perspectives on the. Blological Response to 
Non-lonizing Electromagnetic Radiation. Dr. Joseph 
Cc. Sharp, Deputy Director, Life Science Division, 
NASA-AMES, Moffett Field, CA 94305. 


1000-1025 Coffee/Tea Break 


MONDAY MORNING, OCT. 31, 1025-1225 


INSTRUMENTATION 
Session A 


A-1 An investigation of Thermistors for Tem- 
perature Mapping of Biological Specimens 
during EM Radiation: J. Toler, E. Burdette, 
J. Seals, and F, Cain, Georgia Institute of 
Technology, Atlanta, GA 30332 


A-2 A Fiber-Optic Probe with Semiconductor 
1035 Sensor for Temperature Measurements in 
Electromagnetic Fields: Douglas A. Chris- 
tensen, Department of Bioengineering, Uni- 
versity of Utah, Salt Lake City, UT 84112 


A-3 Inexpensive Nonmetallic Differential Tem- 
perature Probe for Microwave Dosimetry: 
Richard G. Olsen and Efrain A. Molina, 
Naval Aerospace Medical Research Labora- 
tory, Naval Alr Station, Pensacola, FL 32508 


A-G Viscometric Thermometer: An Instrument 

1055 for Temperature Measurement in EM Fields: 
Michael M. Chen, Charles A. Cain, Jeffrey 
Mullin and Katherine Loh, Department of 
Bloengineering, University of Ilinols at Ur- 
bana-Champaign, Urbana, IL 61801 


A-S Response of Insulated Electric-Field Probes 
1105 in Models of Finite Heterogeneous Biologl- 
cal Bodies: H. Mousavinezhad, K. M. Chen, 
and D. P, Nyquist, Department of Electrical 
Engineering and Systems Science, Michigan 

State University, East Lansing, Mi 48824 


A-G Carbon Electrodes for EEG Measurements 

1115 In Microwave Research: C. K. Chou and A. 

W. Guy, Bloelectromagnetics Research Lab- 

oratory, Department of Rehabilitation Med- 

icine =RJ-30, University of Washington 
School of Medicine, Seattic, WA 98195 


A-7 Analysis of the Accuracy of Electromag- 

1125 netic-Components Measurement in the Near 
Field: Tadeusz M. Babij and Hubert Trzaska, 
Technical University of Wroclaw, Wroclaw, 
Poland : 

A-8 Variability in Measurements of Power Oen- 
sity: G. J. Hagan, G. L. Donovan, and R.L. 
Carpenter, Bureau of Radiological Health, 
Division of Blological Effects, Winchester 
Engineering and Analytical Conter, Win- 
chester, MA 01890 
1145- 

1225 Discussion 


1230-1330 Luncheon 


MONDAY AFTERNOON, OCT. 31, 1330-1500 


EXPOSURE SYSTEMS . 
Session B 


8-1 Miniature Anechole Chamber for Chronic 
1330 Exposure of Rodents to Plane-Wave Micro- 
wave Fields: Arthur W. Guy, Bioelectromag- 
netics Research Laboratory Department of 
Rehabilitation Medicine RJ-30, University 
of Washington School of Medicine, Seattie, 

WA 98195 


8-2 Circutarly Polarized 2450-MHz Waveguide 
1340 System for Chronic Exposure of Rodents: 
Arthur W. Guy and Jack Wallace, Bioelec- 
tromagnetics Research Laboratory, Depart- 
ment of Rehabilitation Medicine RJ-30, 
University of Washington School of Medl- 

cine, Seattle, WA 98195 


G-3 Improving Far-Fietd Uniformity In Nonideal 
1350 Microwave Anechole Chambers by Adding 
Absorptive Collar to Feedhorn: Richard G. 
Olsen and W. G. Lotz, Naval Aerospace 
Medical Research Laboratory, Naval Air 
Station, Pensacola, FL 32508 


B-4 Long-Term Microwave Exposure of fMarine 
1400 Animals: Donald '. McRee, Nationa! Insti- 
tute of Environmental Health Sciences, Re- 
search Triangle Park, NC 27709 and Howard 
Wachtel, Duke University, Ourham, NC 
27706 


B-S A System for the Exposure of Large Num- 
bers of Small Laboratory Animals to 60-Hz 
Electric Fields: W. T. Kaune, J. R. Decker, 
R. DO. Phillips and D. L. Hijeresen, Battelle 
Pacific Northwest Laboratories, Richland, 
WA 99352 


B-6 A System for Continuous Exposure of Min- 
lature Swine to 60-Hz Electric Fields: M. F. 
Gillis, C. H. Allen, J. L. Beamer, T. W. Joffs, 
J. R. Decker and R. DO. Phillips, Battelle Pa- 
cific Northwest Laboratories, Richland WA 
99352 


1430- 


1500 Discussion 


1500-1525 Coffoo/Tea Break 


MONDAY AFTERNOON, OCT. 31, 1525-1610 
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BIOEFFECTS OF MILLIMETER WAVE 


c-3 
1545 


1555- 
1610 


RADIATION 
Session C 


Possible Detection in vivo of Latent Viruses 
in Tumor and Bacterial Cells and Their In- 
duction by Millimeter Microwaves; Sydney 
J. Webb, Department of Physics, University 
of South Florida, Tampa, FL 33620 


Microwave Effects in Drosophila melano- 
gaster: M. Dardathon, Fondation Curie- 
Institut de Radium, Section de Biologie, 26, 
rue d'UIm, 75231 Paris Cedex 05, France, 
A. J. Berteaud and D. Averbeck, Groupe de 
Recherche “Organisation Moléclair et Macro- 
moléculaire’ du C.N.R.S., 2, rue Henry Ou- 
nant, 94320 Thiais, France 


Effects of Millimeter Waves on Living Tissue: 
O. P. Gandhi, D. W. Hill, L. M. Partlow, C. 
C. Johnson, and L. J. Stensaas, University of 
Utah, Salt Lake City, UT 84112 


Discussion 


———— 
MONDAY AFTERNOON, OCT. 31, 1610-1710 


PHYSIOLOGICAL EFFECTS I 
Session D 


Electromagnetic Waves Affect the Wingbeats 
of the Housefly: Sheldon S. Dandiler and 
Andrew Voyatzakis, Bioelectromagnetics 
‘Laboratory, Department of Electrical En- 
gineering, Northeastern University, Boston, 
MA 02115 


Absence of ECG and Respiratory Changes In 
Turtles and Tortoises Exposed to Microwave 
Flelds of Low Density: W. F. Flanigan, Jr., 
W. R. Lowell, and R. L. Seeley, Naval Ocean 
Systems Center, San Diego, CA 92152 


Heart-rate, Modification in vivo from Irradi- ; 


ation by Electromagnetic Energy: Edwin S. 
Ejichert, IIf and Allan H. Frey, Randomiine, 
inc., Huntingdon Valley, PA 19006 


Interaction of the Neuron with Alternating 
Current Fields: Jan Musil, Institute of Hy- 
giene and Epidemiology, Srobarova 48, 100 
42 Prague .10, Czechoslovakia 


Discussion 


TUESDAY MORNING, NOV. 1, 0830-1000 


Ei 
0630 


PHYSIOLOGICAL EFFECTS II 
Session E 


The Effect of Electromagnetic Enersy on 
Sponténeous Contractions of Smooth Mus- 
cle: Ernest R. Whitcomb and Claude M. 
Well, Health Effects Research Laboratory, 
US Environmental Protection Agency, Re- 
search Triangle Park, NC 27711 


E-2 
0840 


E-3 
0850 


E-4 
0900 


E-5 
0910 


0930- 
1000 


Effects of Microwave Radiation on the Rat's 
Pituitary-Thyroid Axis: Shin-Tsu Lu, Nancy 
Lebda, and Sol M. Michaelson, The Universi- 
ty of Rochester, School of Medicine and 
Dentistry, Rochester, NY 14642 .- 


Effects of Hypophysectomy and Dexameth- 
asone on the Rat’s Adrenal Response to Mi- 
crowave Irradiation: W. Gregory Lotz, Naval 
Aerospace Medical ‘Research’ |aboratory, 
Naval Air Station, Pensacola, FL 32508, and 
Sol M. Michaelson, The University of Ro- 
chester, Rochester, NY 14642 


Growth Hormone Levels of Rats Exposed to 
2450-MHz (CW) Microwaves: W. Gregory 
Lotz, Naval Aerospace Medical Research 
Laboratory, Naval Air Station, Pensacola, 
FL 32508, Sol M. Michaelson and Nancy J. 
Lebda, the University of Rochester, Roches- 
ter, NY 14642 


Effects of Handling and Surgical Treatment 
on Convulsive Latencles and Mortality of 
Tumor-Bearing Rats to 2450-MHz Micro- 
wave Radiation: Don R. Justesen, Robert A. 
Morantz, Martina Clark, Dennis Reeves, and 
Michelle Mathews, Neuropsychology and 
Neurosurgery Research Laboratories, Veter- 
ans Administration Hospital, Kansas City, 
MO 64128 


Cataractogenic Response of Rabbits to 
Pulsed Microwaves of High-Peak Low- 
Average Power: &. S. Ferri and M. E. G. 
Foti, Bureau of Radiological Health, Divi- 
sion of Biological Effects, Winchester Engl- 
neering and Analytical Center, Winchester, 
MA 01890 


Discussion 


1000-1025 Coffee/Tea Break 


TUESDAY MORNING, NOV. 1, 1025-1225 


Ft 
1025 


“Absorption Characteristics 


THEORETICAL DOSIMETRY—I 
Session F 


Radiofrequency Radiatlon Dosimetry Hand- 
book: Description of the Second Edition: C. , 
H. Durney, C. C. Johnson, P. W. Barber, H. 
Massoudi, M. Iskander, Departments of Bio- 
engineering and Electrical Engineering, Uni- 
versity of Utah, Salt Lake City, UT 84112, 
S. J. Allen and J. C, Mitchell, USAF Schoo! 
of Aerospace Medicine, Aerospace Medical 
Division, Brooks AFB, TX 78235 


A Technique for Calculating Absorption of 
Radio-Frequency Energy in Models of Man 
at and above the Resonant Frequency: M. 
F. tskander, C. H. Durney, P. W. Barber, and 
H. Massoudi, Departments of Electrical En- 
gineering and Bioengineering, The Universi- 
ty of Utah, Salt Lake City, UT 84112 


of a Prolate 
Spheroidal Mode! of Man at and near Reso- 
nant Frequencies: H. Lee and V. K. Tripathi, 
Electrical and Computer Engineering Depart- 
ment, Oregon State University, Corvallis, 
OR 97331 


F-4 
1055 


F-5 
1105 


+7 
1225 


TUESDAY AFTERNOON, NOV. 1, 1330-1430 
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indexing Absorption of Electromagnetic En- 
ergy by Biological Objects with Protate 
Spheroida!l Models: James C. Lin and Chuan- 
Lin Wu, Department of Electrical and Com- 
puter Engineering, Wayne State University, 
Detroit, MI 48202 


Application of Impedance-Boundary Condi- 
tions in Problems of Microwave Dosimetry: 
Leonard S. Taylor and Tuan H. Oao, Elec- 
trical Engineering Department, University of 
Maryland, CoHege Park, MD 20742 


Geometrical-Optics and Exact Solutions for 
internal Fields and SARs in a Cylindrical 
Model of Man as Irradiated by an Electro- 
magnetic Plane Wave: Habib Massoudi, Carl 
H. Durney, and Curtis C. Johnson, Depart- 
ments of Electrical Engineering and Bioen- 
gineering, University of Utah, Salt Lake 
City, UT 84112 


RF-Energy Absorption by Biological Models: 
Calculations Based on Geometrical Optics: 
G. lan Rowlandson and Peter W. Barber, De- 
partment of Bioengineering, University of 
Utah, Salt Lake City, UT 84112 


Some Recent Results on Deposition of Etec- 
tromagnetic Energy in Animals and in 
Models of Man: O. P. Gandhi and M. J. Hag- 
mann, Departments of Electrical Engineer- 
Ing and Bioengineering, University of Utah, 
Salt Lake City, UT 84112 


Discussion 


1230-1330 Luncheon 


DOSIMETRY-THEORETICAL STUDIES—I! 


G-2 
1340 


1350 


G4 
1400 


1410- 
1430 


Session G 


A Computer Modet of Temperature Distri- 
bution Inside Lossy Spheres after Microwave 
Radiation: W. S. Janna, E. P. Russo, Uni- 
versity. of New Orleans, LA 70146, and R. 
McAfee, V.A. Hospital, New Orleans, LA 
70146 

Numerical Calculation of Electromagnetic 
Energy Deposition in a Realistic Model of 
Man: M, J. Hagmann, O, P. Gandhi, and C. 
H. Durney, Departments of Electrical Engi- 
neering and Bioengineering, University of 
Utah, Salt Lake City, UT 84112 


Numerical Caiculation of Etectromagnetic 
Energy Deposition in Models of Man with 
Grounding- and Reflector-Effects: M. J. 
Hagmann, O. P, Gandhi, and C. H. Ourney, 
Departments of Electrical Engineering and 
Bioengineering, University of Utah, Salt 
Lake City, UT 84112 

{Induced EM Ficids in Human Bodies and 
Heads: Kun-Mu Chen, ,. Mousavinezad, 
Sutus Rukspolimuang, and O. P. Nyquist, 
Department of Electrical Engineering and 
Systems Science, Michigan State University, 
East Lansing, Mi 48824 ; : 


Discussion 


TUESDAY AFTERNOON, NOV. 1, 1430-1545 


DOSIMETRY—EXPERIEMENTAL STUDIES 


H-1 
1430 


1450 


H-4 
1500 


HS 
1510 


1-1 
1610 


t-2 
1620 


1-3 
1630 


14 
1640 


Session H 


Far-Field Microwave Dosimetric Measure- 
ments in a Man-Size Phantom: Richard G. 
Olsen, Naval Aerospace Medical Research 
Laboratory, Navat Als Station, Pensacola, 
FL 32508 


Development and Use of a Calorimeter to 
Measure Specific Absorption Rates in Smal! 
Laboratory Animats: Stewart J. Allen and 
William O. Hurt, Radiation Sciences Divi- 
sion, USAF School of Aerospace Medicine, 
Brooks AFB, TX 78235 


Absorption of Electromagnetic Energy by 
Phantom Muscle-Spheres and by Birds of 
Differing Size: C. K. Chou and A. W. Guy, 
Bioelectromagnetics Research Laboratory, 
Department of Rehabilitation Medicine 
RJ-30, University of Washington School of 
Medicine, Seattle, WA 98195 


The Number and Spacing of Animals Simul- 
taneously Exposed to Microwaves in a Free 
Field Affect the Dose Rate: James B. Kinn, 
Health Effects Research Laboratory, US En- 
vironmental Protection Agency, Research 
Triangle Park, NC 27711 


Pulmonary Diagnostics with Non-Invasive 
Microwave Methods: M. F. tskander, C. H. 
Durney, D. J. Shoff, Departments of Elec- 
trical Engineering and Bioengineering, and 
D. G. Bragg, Department of Radiology, Unt- 
versity of Utah, Salt Lake City, UT 84112 


Discussion 
1545-1610 Coffee/Tea Break 


TUESDAY AFTERNOON, NOV. 1, 1610-1740 


DEVELOPMENTAL EFFECTS 
Session | 


Developmental Effects of Microwaves In 
Tenebrio motitor: Experiments to Detect 
Possible infiuences of Radiation Frequency 
and of Culturing Protocols: William F. Pick- 
ard and Richard G. Olsen, Naval Aerospace 
Medical Research Laboratory, Naval Air Sta- 
tion, Pensacola, FL 32508 


The Effect of Microwave Power Levelt on 
Teratogenesis in Tenebrio molitor: 0. R, 
Green, Jr., F. J. Rosenbaum, and W. F. Pick- 
ard, Department of Electrical Engineering, 
Washington University, St. Louis, MO 
63130 


The Inftuence of Microwaves on Develop- 
ment of the Rat: Sol M. Michaelson, Ronnie 
Guillet, and Franklin W. Heggeness, The 
University of Rochester, Schoo! of Medicine - 
and Dentistry, Rochester, NY 14642 


Repeated Exposure to Microwaves and Envi- 
ronmental Temperaturo Affect Gody 
Growth of Neonatal Rats: Shin-Tsu Lu, 
Susanno Pettit and Soi M. Michastson, Do- 
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partment of Radiation Siotogy and Bio- 
physics, School of Medicine and Dentistry, 
The University of Rochester, Rochester, NY 
14642 


" 1S Effects of Pre- and Post-Natat Exposures to 
1650 918-MHz Microwave Radiation on Develop- 
ment and Behavior in Rats: R. B. Johnson, 
S. Mizumori, 0. E, Myers, A. W. Guy, and 
R. H. Lovely, Bioelectromagnetics Research 
Laboratory, Departments of Rehabilitation 
Medicine and Psychology, University of 
Washington, Seattle, WA 98195 


1-6 Embryotrophic Effects of Putsed Electro- 
1700 static Fields: Hana Pafkovd, Institute of 
Hygiene and Epidemiology, Srobarova 48, 

100 42 Prague 10, Czechoslovakia 


1710 
1740- Discussion 


TUESDAY EVENING, NOV. 1, 2000-2200 


ROUND TABLE ON BLOOD-BRAIN-BARRIER 
PERMEABILITY EFFECTS 
Session RT 


Chalrman: D, R, Justesen, Veterans Adminis- 
tration Hospital, Kansas City, MO 64128 


Studies of Biood-Brain-Barrier Permeability 
after Microwave Radiation: James H. Mer- 
ritt, USAF School of Aviation Medicine, 
Brooks AFB, TX 78235 


RT-4 


RT-2 Effects of Microwave-Induced Hyperthermla 
on the Rat Blood-Brain Barrier: Carl H. Sut- 
ton, Department of Neurotogical Surgery, 
University of Miaml.School of Medicine, 


Miami, FL 33152 


Reversibility of the Stood-Brain Barrier: 
Ernest N. Atbert, Department of Anatomy, 
The George Washington University Medical 
Center, Washington, OC 20037 


RT-3 


Determinants of Brain Uptake: Kenneth J. 
Oscar, US Army Mobility Equipment Re- 
search and Development Command, Ft. Bel- 
voir, VA 22060 


“ Discussants: To Be Announced 


reeset 
WEDNESDAY MORNING, NOV. 2, 0830-0915 


FIELD SURVEYS 
Session J 


43-1 Measurement and Standardization of Elec- 

0830 tromagnetic Fields tn Czechostovakia: Jan 

Musil, Institute of Hygiene and Epldemiol- 

ogy, Srobarova 48, 100 42 Prague 10, 
Czechoslovakia 


3-2 Measurements of Strong Electromagnetic 
Fietds in Industrial Environments: P. G. 
Galliano, Istituto Elettrotecnico Nazionale, 
Galileo Ferraris, Corso Massimo D*Azeglio 
42—t 10125—Torino, italy 


4-3 Measurement of Electrice and Magnetic- 
Field Strengths Near Industrial Radlo- 
frequency Hosters: Malta Hletanen, Pirkko- 
Liisa Kalliomakl, Institute of Occupational 


Health, Helsinki, Fintand, Pentti Lindfors 
and Juha Ristiia, General Direction of Post 
and Telegraphs of Finland Radio Labora- 
tory, Hetsinki, Finland, and Kalevi Kallio- 
maki, University of Oulu, Oulu, Finland 


0900 
0915- Discussion 


WEDNESDAY MORNING, NOV. 2, 
0915-1030/1055-1225 


MULTI-LINGUAL SESSION* 
Session K . 


*This perlod is reserved for late European submis- 
sions. The official tanguages for this session will bo 
English and Russian 


1030-1055 Coffee/Tea Break 
1230-1330 Luncheon 


WEDNESDAY AFTERNOON, NOV, 2, 1330-1500 


RF-HEARING AND OTHER 
NERVOUS SYSTEM EFFECTS 
Session L a 
L-1 Threshold Energy for Hearing Microwave 
Pulses of 10- to 500-us Duration: C. K. 
Chou and A. W. Guy, Bioelectromagnetics 
Research Laboratory, Department of Re- 
habilitation Medicine RJ-30, University of 
Washington School of Medicine, Seattle, WA 
98195 


L-2 Middie-Ear Impairment and Microwave 
Hearing: C. K, Chou, Bioelectromagnetics 
Research Laboratory, Department of Re- 
habilitation Medicine RJ-30, University of 
Washington School of Medicine, Seattle, WA 
98195, and Robert Galambos, University of 
California, San Diego, Schoo! of Medicine, 
Department of Neurosciences, A-012, La 
Jolla, CA 92093 


i-3 Elghth-Nerve Derived, Singte-Neuron Re- 

1350 sponses to Acute Microwave Radiation of 

the Head: Robert M. Lebovitz and Ronald 

L, Seaman, Department of Physiology, UntI- 

versity of Texas Health Science Center, 
Dallas, TX 75235 


L& The Effect of Microwaves on Crayfish Neou- 
tons: G. Matsumoto, Research Institute of 
Applied Electricity, Hokkaido University, 
Sapporo, Japan, and t. Yamaura, Electro- 
technical Laboratory, Tanashi Branch, 
Tokyo, Japan 


L-5S Microwave Effects on Nerve Vitatity: 
Donald 1. McRee, National Institute of En- 
vironmental Health Sciences, Research Tri- 
angle Park, NC 27709, and Howard Wachtel, 
Duke University, Durham, NC 27706 


L-6 The Visually Evoked Electrocorticat Re- 
1420 sponse of the Guinea Pig After Microwave- 
induced Hyperthermia: Virginia Bruce- 
Wolfe, Michelle Mathews, Department of 
Psychiatry, The Kansas University Medicat 
Center, Kansas City, KS 66103, and Don R. 
Justesen, Laboratories. of Experimental 
Neuropsychology, Veterans Administration 
Hospital, Kansas City, MO 64128 


1430 
1500- 
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Discussion 


WEDNESDAY AFTERNOON, NOV.2, 1525-1730 


SUB-CELLULAR AND CELLULAR EFFECTS 


M1 
1525 


fMe2 
1535 


M-3 
1545 


M4 
1555 


M-5 
1605 


M-G 
1615 


M-7 
1625 


Met 
1635 


1645 
1725- 


-trotechnical 


Session M 


Models of Long-Range Order in Cerebral 
Macromolecules: Effects of ELF, VHF and 
UHF Fields in Calcium Binding: S. M. 
Bawin, A. R. Sheppard, and W. R. Adey, 
Environmental Neurobiology Laboratory, 
UCLA Brain Research Institute, Los Ange- 
les, CA 90024 


Two Parameters Affecting Rediation- 
Induced Calcium Efflux from Bratn Tissue: 
Cc. F. Blackman, J. A. Elder, C, M. Weil, S, 
G. Benane, and D. C. Elchinger, Health Ef- 
fects Research Laboratory, US Environ- 
mental Protection Agency, Research Tri- 
angle Park, NC 27711 


Activity of Membrane-Bound Enzymes Ex- 
posed to Amplitude-Modulated 2450-MHz 
Radiation: John W. Allis and Madeline L. 
Fromme, Experimental Biology Division, 
Health Effects Research Laboratory, Envl- 
ronmental Protection Agency, Research Tri- 
angle Park, NC 27711 


Effects of Microwave Radiation on Erythro- 
cyte Membranes: Li-Ming Liu and Stephen 
F, Cleary, Department of Biophysics, Vir- 
ginia Commonwealth University, Richmond, 
VA 23298 


tnjury of Cell! Membranes in Normal and 
SVa4o-Virus Transformed Fibroblasts Ex- 
posed in vitro to 2450-MHz Microwave or 
Water-Bath Hyperthermia (43 C): Marek 
Janiak and Stanislaw Szmigielski, Center for 
Radiobiology and Radioprotection, 00-909 
Warsaw, Poland 


A Comparative Study of the Action of Two 
Types of Microwave Irradiation on Lipid 
Metabolism In Mice: A. Deficis, J. C. Du- 
mas, J. Laurens, and G. Plurien, Ministére de 
fa Défense, Délégation Generate Pur 
L'Armement, Direction des Recherches et 
Moyens D’éssals, Service des Recherches, 
Groupe 9: Biologie et Sciences Humaines, 
75996 Paris Armées, France 


Comparative Effects of Water Bath- and 
Microwave-Induced Hyperthermia on Cell 
Survival and Sister’ Chromatid Exchange 
(SCE) in Chinese Hamster Ovary (CHO) 
Cells: G. K. Livingston, C. C. Johnson, De- 
partment of Bioengineering, and L. A. Deth- 
lefsen, Department of Radiology, University 
of Utah, Salt Lake City, UT 84112 


Effects of Microwaves on Spermatozoa and 
Observation of Motility by the Laser Light- 
Scattering Technique: Hideaki Shimizu, 
Kenjiro Sakural, and Gen Matsumoto, Elec- 
Laboratory, Tanashi, Tokyo 
188, Japan 


Discussion 


THURSDAY MORNING, NOV. 3, 0830-1015 


N-1 
0830 


0ss0 


N-S 
0910 


N-G 
0920 


0940 
1015- 


BEHAVIORAL EFFECTS—I 
Session N 


Facial Irradiation of the Freely Responding 
Macaca mulatta by 9.3-GHz Pulsed Micro- 
waves: A Long-Term Investigation: R. Mc- 
Afee, V. A. Hospital, New Orleans, LA 
70146, R. Gordon, Tulane University Medi- 
cal Center, New Orleans, LA, A. Longacre, 
Jr., J. May, and S. T. Elder, University of 
New Orleans, New Orleans, LA 70122 
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Senator Forp. Thank you very much. : ; 

The next witness will be Capt. Frank H. Austin, Jr., Assistant Di- 
rector, Environmental and Life Sciences, Office of the Director of 
Defense Research and Engineering. 


STATEMENTS OF CAPT. FRANK H. AUSTIN, JR., MC USN, ASSISTANT 
DIRECTOR, ENVIRONMENTAL AND LIFE SCIENCES, OFFICE OF 
THE DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING; 
MAJ. LAWRENCE E. LARSEN, MC USA, CHIEF, BIOPHYSICS, DE- 
PARTMENT OF MICROWAVE RESEARCH, WALTER REED ARMY 
INSTITUTE OF RESEARCH; CAPT. PAUL E. TYLER, MC USN, DI- 
RECTOR, EMR PROJECT OFFICE, NAVAL MEDICAL R. & D. COM- 
MAND, BETHESDA, MD.; AND JOHN C. MITCHELL, CHIEF, RADI- 
ATION PHYSICS, RADIATION SCIENCES DIVISION, U.S. AIR FORCE 
SCHOOL OF AEROSPACE MEDICINE, BROOKS AIR FORCE BASE, 
TEX. 


Captain Austin. Mr. Chairman, we would like to be a panel. 

Senator Forp. Of course each of you may submit your prepared 
testimony for the record. If you wish, you may highlight your pre- 
pared statements. 

I would hope that each of you would identify yourselves as you 
start your statement. : 

Captain Austin. I am Capt. Frank Austin. We have provided a bi- 
ography to your staff of each of the people who are going to be present 
today. We have also submitted written testimony. Our oral testimony 
today will be much shorter than that. We decided not to use the view- 
graphs. Each of us have made copies of the graphs that are in the 
testimony we have submitted. We have extra copies to pass out to you 
right now. ; 

It is a privilege to report to the committee, Mr. Chairman, concern- 
ing the DOD program for research and development on the biomedical 
effects of electromagnetic radiation—EMR. 

I am Capt. Frank H. Austin, Jr., MC USN, from the Office of the 
Director of Defense Research and Engineering. With me today are 
Major Larsen, U.S. Army, Captain Tyler, U.S. Navy, and Mr. 
Mitchell, U.S. Air Force. They will describe for you the integrated 
triservice research and development program, and respond to your 
questions concerning it. My preliminary remarks will be brief. 

We understand that the thrust of these hearings is to: 

(a) Determine whether there exists any evidence that current reg- 
ulations for EMR are inadequate to protect exposed persons from 
deleterious health effects; 

(b) Survey the present state of the scientific knowledge; 

(c) Review on-going research; 

(d) Hear expert opinions regarding potential deleterious effects of 
various radiations; and 

(e) Hear opinions as to what further research may need to be done. 

Our statements have been directed to provide some answers for 
these concerns from the viewpoint of the Defense Department. 
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[The following information was subsequently received for the 


record :] 
QUESTIONS OF THE COMMITTEE AND ANSWERS THERETO 


Question 1. During your testimony you described radio frequency radiation 
effects on “cell mediated immune defense mechanisms,” such as decreased in- 
flammation and lymphocyte count. If these effects occurred in humans, what 
you De the observable effects? Would this render a person more susceptible to 

isease ? 

Answer. Testimony given to the Committee described possible effects of 
radiofrequency radiation on cell-mediated defense mechanisms in the rodent. 
The studies to investigate impairment of immune function are in progress. As 
a result, radiofrequency effects on disease susceptibility, with regard to the im- 
mune system, are not characterized in the rodent as yet. Without data from at 
least one model system, i.e., the rodent, the extrapolated case for man cannot 
be characterized with certainty. 

Question 2. You suggested that radiation is preceived as a “simple stress phe- 
nomenon accompanied by steroid release.” Since steroids are a type of hormone, 
does this mean that microwaves could affect the emotions? 

Answer. Investigations show that only microwaves of sufficient intensity to 
produce a heat load act as a stress in the rodent. Steroid release due to stress 
is a biological response to help an animal adapt. In general (“Stress in Health 
& Disease,” H. Selye, Butterworths, Boston, 1976), the emotional state is char- 
acterized as more alert, highly responsive, more demonstrative, and possessing 
heightened awareness and perception. 

Senator Forp. Captain Austin, I have a few questions about Project 
Pandora, if I may. I did not receive complete answers from the previ- 
ous witness. Let me ask this question. Why was the project classified ? 

Captain Austin. Well, sir, I would like to ask Dr. Larsen to address 
that. A lot of this work was done in the Army. He can address some 
of that. 

Senator Forp. Dr. Larsen, can you respond to that question ? 

Major Larsen. Mr. Chairman, I would like to preface my remarks 
on the basis that the Pandora project was done at the Walter Reed 
Army Institute of Research under ARPA guidance. Microwave re- 
search was not acquired by the Surgeon General of the Army until 
1971. So, the period in which these events took place is one on which 
the Army Surgeon General was not directly involved. 

I was present at the Institute in 1970 when Project Pandora was 
winding down. In terms of your original question, why was the proj- 
ect classified, I can honestly say that I can’t answer that question. 

Senator Forp. Who should we ask the question of ? 

Major Larsen. ARPA, sir, I would suggest. 

Senator Forp. I guess we will ask them. 

Since you were in on the winding down or the closing out of the 
project, can you tell me how much it cost ? 

Major Larsen. In terms of capital investment, my understanding is 
that the facilities cost was in the neighborhood of $214 million, that 
the additional expenses on top of that in terms of contracts and so 
forth were in the neighborhood of another $200,000 to $300,000. 

Senator Forp. Roughly $3 million ? 

Major Larsrn. I would say so, sir. That’s a very rough estimate, 
though, Mr. Chairman. 

Senator Forp. Would it be in the ball park? 

Major Larsen. Yes, sir, I believe it would. 

Senator Forp. Why were major reports containing useful technical 
content—I am going to use the word—“destroyed.” The committee’s 
report is available but the technical data is not available. 


413 


Major Larsen. Well, sir, I can’t answer that question fully. I can 
say that some results from that study were removed from the building 
at the time that I was first present; namely, in the period of 1970. 1 
knew that those reports were removed, but I didn’t know their fate. 
I understand from what has happened that they were destroyed, but 
I have no direct personal knowledge other than the fact I witnessed 
them being removed. 

Senator Forp. Any particular reason? 

Major Larsen. Well, sir, I think that it was a question of things 
rolling off the end of the time frame, where documents were outlived 
rather than anything else. That is just a guess. 

Senator Forp. Captain Austin, Dr. Perry has written a response 
to the committee’s questions stating that the Defense Department has 
a high degree of awareness to the potential health hazard associated 
with the development of weapons systems that emit electromagnetic 
radiation. 

What are the potential health hazards he was alluding to? 

Captain Austin. We discussed many of them today, Mr. Chairman. 

Senator Forp. Give me a laundry list. 

Captain Austin. I don’t know whether a laundry list would be a 
very good term to use. 

Senator Forp. The first witness gave us that term. I am beginning 
o think the information is laundered before it is passed on to somebody 
else. 

Captain Austin. All of the research that we are doing is looking for 
some sort of bioeffects. I think that I would sum it up to say that we 
have not found any bioeffects at the levels where the standards are 
now set. 

So, we are looking—doing experiments to look at very low levels. 
We are looking at new pulse waves and various other modes of trans- 
mission. And sort of on a treasure hunt, if you will. 

The potential effects obviously have been discussed here by the 
various' people, the cataracts at very high levels of radiation can be 
caused in animals. I suppose there is—obviously most of the effects 
are due to direct heat like the oven that was mentioned before. These 
levels are caused at such extreme levels of radiation that they are way 
above what we would see in the environment today. 

Senator Forp. Well, the heat was mentioned a few moments ago, 
35° Celsius. 

Captain Austin. 45°. 

Senator Forp. 45° ? 

Captain Austin. That was measured in the lens itself when meas- 
ured inside the lens. : 

Senator Forp. How hot is 45° Celsius? 

Captain Austin. 113° Fahrenheit. It is very hot. It must be ree- 
ognized that that is inside the eye and that would be—if you tried to 
do that with heat itself, it would be a very hot environment. It focuses, 
of course—these rays, that’s the problem as mentioned by Dr. Larsen. 
The rays focus inside 

Senator Forp. Is there any classified research being done at DOD? 

Captain Austin. Absolutely no classified medical research on EMR 
is being done in the military departments that we are aware of at 
this time. We do not have any. We have declassified all of the past 
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DEFENSE ADVANCED RESEARCH Progects AGENCY, 
Arlington, Va. 
Hon. Apiat E. STEVENSON, 
Chairman, Science, Technology and Space Subcommittee,. Committee on Com- 
merce, Science, and Transportation, U.S. Senate, Washington, D.C. 


Dear SENATOR STEVENSON: Thank you for your letter of May 20 requesting 
information relating to radiation health and safety research. During the perod 
from 1965 to 1971 we supported Project Pandora which was concerned with 
reviewing the safety levels associated with microwave radiation, and I have 
enclosed a summary of this project. 

Since the programs of our Agency are directed toward advancing technology 
for future military systems, we do not normally support research associated with 
radiation health and safety. In the future, we do not plan to undertake 
programs in the area of radiation health and safety research, and the specific 
questions you pose are not ones to which we can contribute meaningful infor- 
mation. : 

I hope this information will be helpful to you and the members of the com- 
mittee. 


Sincerely, 
GEoRGE H. HEILMEIER, 


Director. 
Non-IONIZING RADIATION 


HUMAN HEALTH EFFECTS 

Title: Project Pandora. 

During the period 1965-1971 Defense Advanced Research Projects Agency 
sponsored Project Pandora which was concerned with the biological effects of 
microwaves and investigated the adequacy of established safety levels for normal 
working exposure to radio frequency radiation. When it became apparent that 
established U.S. standards for radiation exposure were adequate and that no 
new effects could be observed, the project was terminated. 


Funding: 
Wiseal year 1968.25: 2. ots a ecb Lecce eeu cee ects $925,000 
Wiseal YORE 1060 oun ceo ek ee a eee ae eee 464,000 
Fiscal year 1970____--_ pe Ee Aa os ae Va See ea 367,000 
Fiscal ‘year19T1. 2 -c2s2 ca teu A nesses cso shee ecokske 200,000 


DIRECTOR OF DEFENSE RESEARCH AND E}NGINEERING, 
; Washington, D.C. 
Hon. ADLAI E. STEVENSON, 
Chairman, Science, Technology and Space Subcommittee, 
U.S. Senate, Washington, D.C. 

Dear SENATOR STEVENSON : This is in response to your joint letter with Senator 
Wendell H. Ford of 20 May 1977 concerning federal radiation research and 
regulating programs. I understand that the individual Military Surgeons General 
were also requested to respond on this subject and my staff has coordinated this 
response at the working level to avoid providing you duplicative information. 
Specifically, the Services will supply the detailed matrix data requested by your 
enclosure, since these data represent the total of the DoD effort. Attachment 1 
contains my response to the four questions posed. Hach Surgeon General may 
provide supplemental answers in areas of unique Service concern. 

Should additional information be required, please contact me. I will be pleased 
to designate a witness to testify for all DoD at the hearings in June if you so 
desire. : 

Sincerely, 
WILLIAM J. PERRY. 

Attachment. 


Responses to questions posed by Committee on Commerce, Science and Trans- 
portation, U.S. Senate regarding federal research and regulatory programs. 

Question (1) What changes in jurisdiction between 1968 and 1977 have affected 
your organization’s responsibilities (i.e., inception of new agencies, transfers of 
regulatory authority, etc.) ? How have these changes affected your overall efforts 
in the radiation area? 


+..— “Thank you in advance for taking the time to respond to these questions. 


- + “"°Mnited Blates Denate 
: COMMITTEE ON COMMERCE, SCIENCE, 
; ART TRANSPORTATION 
WASHINGTON, D.C. 20510 


August 12, 1977 


Dr. George H. Hellmefer, Director 

Defense Advanced Research Projects Agency . 
Architect Bufiding 

1400 Wilson Boulevard 

Arlington, Virginia 22209 


Dear Dr. Heilmeier: 


In recent oversight hearings on radiation health and safety conducted by 
this Committee on June 16th to 17th, 27th to 29th, 1977, several questions 
were raised which the DOD witnesses testifying at that hearing were unable 
to answer. These questions are enclosed with this letter. The Committee 
would apprecfate your providing the Committee with written responses to the 
“yestion: enclosed with this letter. We would appreciate recefving your 
written responses by September 15, 1977. Please submit five copies of your 
written responses to the Committee staff in Room 233 of the Russell] Senate 
Office Building. If you have any questions or any further clarification of 
these questions, please do not hesitate to contact Sharon Nelson at 224-0411 
or Alan Hoffman at 224-9351. Should the discussion of any of these ques~ 
tions raise security problems, please contact Mr. Hoffman, who has a top- 
secret clearance. 
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1. What were the reasons for classifying the research project known as 


“Project Pandora"? 


2. What was the cost of Project Pandora? What were the costs of the 
Walter Reed facilities and of the research projects undertaken within 
the facility? ~ 


~ 


3. What has happened to raw data amassed during Project Pandora? 


4, In testimony before this Committee witnesses from the Department of 
Defense were unable to tell us whether or not the relevant data from 
Project Pandora has been destroyed or whether or not it still exists. 
If the data still exists, 4s it still classified? If the data does not 
exist, what happened to it? 

5. The witnesses testifying at the hearing tentatively guessed that the 
data were destroyed. If the data were destroyed, what were the reasons 
for fits destruction? How often are documents containing data such as 
those involved in Project Pandora routinely destroyed? Please describe 
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procedures for such routine destruction. 
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4. Please provide the Committee a description of the project currently 

{ being undertaken at the Walter Reed facilities which were originally built 
{ 

i 


for Project Pandora. Dr. Herbert Pollack, fn his testimony before the Com- 
mittee, stated that the Walter Reed facilities were currently being rebuilt. 
any are these facilities being rebuilt? At what cost? 


7. Are there now, or have there ever been, research projects on the bio- 
logical or behavioral effects of non-fonizing radiation, such as Project 
Fandora, which have been classified? 


on 


Does jour agency see the need for such research ever again to be clas- 
sified? 


9. Are there now, or have there ever been, research projects classified or 

Pg unclassified conducted under the auspices of the Department of Defense 
which would have probed possibilities of utilizing microwave radfation as 
ae form of what fs popularly known as “mind control"? 


10. Several of the witnessse alluded to “novel utflization of the spectrum”. 


“~~ Yo you foresee the development, efther by our own forces or by adversary 
“3="- forces, of weapons using microwaves and actively being directed toward al- 


‘mm, tering nervous system function or behavior? 
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PAGE THREE 
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li. Is the Gnited States involved in developing any directed energy micro- 


wave weapons? 


12. Is there any evidence that Eastern Block research on microwaves 4s 
being actively directed toward altering nervous system functions from a 
weapons point of view? 
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DEFENSE ADVANCED RESEARCH PROJECTS AGENCY 


1400 WILSON BOULEVARD 
ARLINGTON, VIRGINIA 22209 ‘ 


15 Septernber 1977 


Honorable Warren G. Magnuson 

Chairman, Committee on Commerce, 
Science, and Transportation 

Washington, D.C. 20510 


wear Mr. Chairman: 


Reference is made to your letter dated 12 August asking a 
number of questions concerning Project Pandora. 


In response to these questions, the following information is 
furnished: 


@ 1. Project Pandora was classified at the direction of the 


Department of State and the United States Intelligence Board 
because of the sensitivity of the radiation problem of the 
united States Embassy in Moscow at that time. 


2. The total cost of Project Pandora was $4,615,000. A detailed 
breakout of the costs of the Walter Reed facilities and of the 
projects undertaken within the facility is not available. 


3. All the raw data of Project Pandora was amassed by the 
technical researchers with only technical progress reports being 
furnished this agency. We would have no knowledge of what 
disposition was made of the raw data. 


4, This agency has available a number of technical documents 
identified as "Minutes of Pandora Meetings” as well as several 
technical reports. These documents have been declassified. 


‘5. This agency has no knowledge as to whether the data collected 
at Walter Reed were destroyed and, if s0, the reasons for its 
destruction. Documents containing research, development, test 
and evaluation information or data are handled by this agency in 


-—~, accordance with the requirements of the Federal Records Act of 


1950, Public Law 754, 8let Congress, as implemented by 
Department of Defense Instructions. 
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6. Project Pandora was terminated by DARPA in March 1970 and 
all assets were transferred to Walter Reed Army Institute for 
Research (WRAIR) for disposition. Since that time, there has 
been no DARPA interest in the work being carried on at WRAIR 
and consequently we would have no knowledge as to the project 
currently being undertaken, or that the facilities were being re- 
built, the reasons for rebuilding and the cost. 


7. With the exception of Project Pandora, this agency has not 
sponsored any research projects, either classified or unclassified, 
on the biological or behavioral effects of non-ionizing radiation. 


8. As stated earlier, classification of Project Pandora was a 
foreign relation rather than a national security matter. While it 
is likely that the technical aspect of such research efforts would 
be unclassified, the determination of a security classification 
must consider the potential application of the research and its 
effect on our national security. ‘ 


9. This agency is not aware of any research projects, classified 
or unclassified, conducted under the auspices of the Defense 
Department, now on-going or in the past, which would have 
probed possibilities of utilizing microwave radiation as a form 
of what is popularly known as "mind control." 


10. We do not foresee the development, by DARPA, of weapons 
using microwaves and actively being directed toward altering 
nervous system function or behavior. Neither are we aware of 
any of our own forces or possible adversary forces developing 
such weapons. 

11. Although this agency is not presently involved in developing 
any directed energy microwave weapons, we do know that the 
United States, in the past, has conducted research and exploratory 
development on the generation of high power microwave radiation 
-and its effect on electronic components. 


12, This agency has no evidence that Eastern Block research 
on microwaves is being actively directed toward altering nervous 
system functions from a weapons point of view. 


incerely, 
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Office of the Department of State decided in June of 1969 against 
renewal and extension of that study. The State Department also 
accepted at that time the judgment and conclusions of the previously 
identified independent specialists to the effect that the “Moscow 
Viral Study” had not established any genetic or other adverse bio- 
logical effect on employees and dependents attributable to microwave 
irradiation of the Moscow Embassy. It should be noted that the 
study was also unable conclusively to establish that no adverse effect 
could be present. 


Prosect PANDORA 
PURPOSE 


This project was initiated in early 1965 through funding to the 
Walter Reed Army Institute of Research (WRAIR) provided by 
the Advanced Research Projects Agency (ARPA). It’s mission was 
‘to investigate possible behavioral and bioeffects (primarily the former) 
on primates when the latter were irradiated with microwave signals 
simulating the exposure of Embassy employees in Moscow. Toward 
that end, a ‘‘special” signal was setabliched: which contained, as far 
as it was then believed practical, the structure of the actual Moscow 
signal with respect to such parameters as frequency, modulation, 
and continuity. In order to accelerate potential conclusions, the 
intensity of the signal was set to the maximum useful capability of 
the laboratory equipment then available, which yielded an exposure 
intensity of between 4 and 5 milliwatts per square centimeter com- 
pared to the average intensity of a Moscow signal which generally 
measured between 2 and 18 microwatts per square centimeter. The 
program was classified, according to the record more to avoid publicity 
as to the purpose of the investigation than to protect the research 
or scientific values that might emerge. 

Included in the ARPA funding was a contract with Allied Research 
to perform a comprehensive survey of East European scientific litera- 
ture detailing experimental work containing indications of behavioral 
effects on animals attributable to microwave irradiation. That effort 
produced a complete bibliography of such work dating back to the 
early 1930’s and nearly up to the date of its publication in December 
1969. Both the State Department and the Institute for Defense 
Analysis considered it important to know whether or not the Moscow 
Embassy irradiation was able to influence in any way the behavior of 
persons subjected to it. Even as this report is prepared, there is little 
scientific evidence of such effects, although a number of investigators 
are performing research in this field with small laboratory animals. In 
the midsixties, virtually nothing was known about such possible ef- 
fects, except that East European studies had reported such indications. 
These had not been verified by U.S. scientists. In that period there 
was hardly any open scientific interchange among U.S. and Russian 
scientists, and little of the work published in the Eastern European 
countries had been translated or abstracted in English. 


INITIAL ACTIVITY 


’ The record of what was done during the course of this program is 
scattered and incomplete. The experimental program was severely 
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hampered by the absence of established laboratory techniques and 
procedures for such experiments at WRAIR. There existed no com- 
prehensive protocol for the conduct of the experimental program. The 
principal investigator, Maj. Joseph Sharp, viewed it as an explora- 
tory study to identify effects that might justify experimental research 
thereafter. 

The results of these studies were ambiguous and controversial. The 
experimental methodology led to inconclusive results. No comprehen- 
sive project report was ever popes Portions of the project record 
consisting of certain classified documents were destroyed in Septem- 
ber of 1973, about 2 years after the project was terminated. Efforts 
by the Committee during the hearing in June 1977, and in subsequent 
briefings by the Departments of State and Defense were unable to 
ascertain any reason other than routine disposal of records which had 
no further value. Remaining unclassified notebooks, graphs, and mate- 
rial pertaining to animal acquisition, feed purchases, etc., devoid of 
useful scientific significance were turned over to the Committee in 
January 1978. Copies of remaining classified documents (records of 
what had been destroyed) were provided on June 29, 1978, at the 
request of the Committee. 


PROJECT MONITORING 


In 1968 a designated Pandora Science Advisory Committee was 
established to guide and advise on the continued conduct of the 
Pandora Project. This Science Advisory Committee (SAC) was made 
up of a number of scientists from a broad spectrum of activities and 
involvement in the field, the majority of them from outside the Gov- 
ernment. This Advisory Committee included: : 

Dr. Joseph E. Barmack, Professor of Psychology, Fordham 
University ; 

Dr. James N. Brown, Electrical Engineer, Wright-Patterson 
Air Force Base; 

Dr. H. Allen Ecker, Electrical Engineer, Georgia Institute of 
Technology; 

Dr. Joseph Kubis, Behavioral Psychologist, Chief, Department 
of Psychology, City College of New York; 

Dr. Lawrence Sher, Associate Professor, Bio-Physics, Univer- 
sity of Pennsylvania; 

Gen. Carl Hughes, Commanding General, Walter Reed Army 
Medical Center; 

Dr. Lysle H. Peterson (Chairman), Professor of Physiology, 
University of Pennsylvania and President, University City Sci- 
ence Center; and 

Dr. Herbert Pollack, Professor of Medicine, George Washing- 
ton University; Medical Consultant, Department of Defense; 
Senior Staff Member, Institute for Defense Analysis. 

The principal findings of the project thereafter are contained in the 
minutes of the SAC project review meetings, commencing December 
20, 1968 through January 12, 1970, involving WRAIR project staff, 
representatives of the sponsoring agencies and SAC. Highlights from 
those meetings follow. More complete details are available in the 
published record.° , 


6 The minutes of these meetings are included in the published record (Serial No. 95-49) of the Committee 
Oversight Hearings on Radiation, Health, and Safety, June 1977. 
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FINDINGS OF THE INITIAL PRINCIPAL INVESTIGATOR 


In the December 20, 1968 meeting, the WRAIR project staff 
presented a summary of the experimental procedures and selected 
findings of the work accomplished up to that time on primates. The 
findings reflected the principal investigator’s (Major Sharp’s) inter- 
pretation of the experiments to the effect that learning behavior was 
impaired by extended exposure to microwaves. He cited results with 
two monkeys exposed to the “Special”? Moscow signal at intensities 
from 1 to 4.6 milliwatts per square centimeter. They showed degrada- 
tion in previously learned work performance after 11 to 21 days of 
such exposure at 10 hours per day. This behavioral degradation was 
reversible. However, the calendar time to achieve such degradation 
decreased somewhat with repeated series of exposures which would 
suggest some cumulative effect. The foregoing findings were not 
supported’ by subsequent experiments. Further discussion of these 
contradictory results is provided in a following section which reviews 
project work at WRAIR. 


NEED FOR HUMAN SUBJECTS—PROJECT “BIG BOY” 


Discussion of the project goals led the Pandora Science Advisory 
Committee (SAC) to conclude that experimentation with human 
subjects was essential due to fundamental limitations in any animal 
studies relating especially to behavior. 

A key limitation was recognized by the SAC: Although alteration in 
learning and penne capability might indeed be detectable and 
even measurable in a properly conducted experimental program with 
animals, it might forever be impossible to detect and measure signifi- 
cant subjective effects relating to feelings, attitudes, moods, etc., 
which have such a dominant effect on human behavior. Obviously, it 
would require human subjects to help identify, describe, and charac- 

-terize such possible effects which could then be correlated to the 
intensity, duration, and other parameters of the radiation to which 
they had been exposed. Accordingly, the general outline of, and 
criteria for, a study protocol was suggested based on utilization of 
human. subjects. : 

During the following Pandora meeting of January 17, 1969, the 
SAC reviewed what was then known about the effects of microwave 
radiation on the physiological and psychological functions of humans. 
This led to selection of criteria applicable to both physiological and 
psychological effects to be observed and measured in an experimental 
program involving crew members from the U.S.S. Saratoga. This 
proposed study would involve two groups of Navy crewmen from this 
ship, of which one group was regularly exposed above deck to ship’s 
radar and the other group regularly assigned below deck and effectively 
isolated from any significant microwave exposure. Responsibility for 

direction of the experimental study wes assigned to Dr. Kubis and. 
‘his team with the support of Commander Pratt and his staff from the 
Saratoga. The program would include recurring physical examinations, 
as well as psychological examinations of the various crewmen in the 
two groups. The study was named “Big Boy.” 
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FINDINGS oF 1G BOY’? 


During the review meeting of April 21, 1969, the activities and find- 
ings of the foregoing study were evaluated. Crewmen from the Sara- 
toga had been selected and classified into three groups: Those with the 
highest levels of expected exposure, those with low expected levels, 
and those with no expected exposure. Dockside control tests, as well 
as seagoing tests, were conducted with the subjects in the three 
categories indicated. In spite of the difficulty of conducting tests under 
actual operational conditions compared to tests conducted under lab- 
oratory conditions, the testing was regarded by Dr. Kubis as satis- 
factory. The key findings were these: 

(1) There were no significant differences discernible among the 
three groups, either in the dockside or underway tests with respect 
elnee to task performance, psychological effects, or biological 
effects. 

(2) Although it was initially expected that maximum micro- 
wave exposure intensity would be as high as 10 milliwatts per 
square centimeter over 80 percent of the carrier deck, measure- 
ments in fact disclosed a maximum of 1 milliwatt per square 
centimeter, and generally less than one-third of that maximum. 

(3) Blood studies revealed two conditions requiring further 
analysis which were subsequently determined to fall within the 
normal range. 


PLANNING FOR LABORATORY STUDIES WITH HUMANS 


The results of the experiment with crewmen aboard the Saratoga 
led to refocusing of the attention of the SAC on the experimental 
work underway at WRAIR and at other laboratories and universities 
dealing with microwave radiation. This included a review of the find- 
ings from WRAIR’s work with primates, the findings then reported 
from the George Washington University “Moscow Viral Study”, and 
an earlier Johns Hopkins study of Mongoloid children born to veterans 
exposed to radar. Review of all these studies confirmed to the SAC the 
impossibility of drawing any reliable conclusions without additional 
scientific study. WRAIR was requested to develop a protocol for an 
expanded study based on human subjects. 

In its meeting of May 12, 1969, SAC reviewed WRAIR’s proposed 
protocol for a classified study involving eight human subjects to be 
exposed to the same synthetic “Moscow” signal previously established 
for the WRAIR primate study. This protocol provided for special 
protective measures to be applied to safeguard the health of the sub- 
jects. Included would be an independent medical function to monitor 
the physical condition of the subjects and to provide regular psy- 
chiatric screening. This responsibility would be executed independent 
of the research project with medical personnel having no involvement 
in the experimental program and no commitment to its findings. In 
addition, the protocol provided an array of safeguards established to 
correct previous experimental deficiencies in the primate studies. 

In the SAC meeting of June 18, 1969, the urgency of proceeding 
‘with the experimental program was reaffirmed by ARPA. Emphasis 
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was again placed by ARPA on the need to know whether or not the 
Moscow radiation could significantly affect personnel behavior, and 
if so, what characteristics of the signal, e.g., intensity, modulation, 
etc., were the most significant parameters in affecting such behavior. 

In the July 16, 1969 meeting, SAC concentrated on a review of 
the required facilities and resources for the proposed WRAIR pro- 
gram. These included anechoic chambers, computer software and 
hardware, etc. In addition, the proposed program schedule for imple- 
mentation was reviewed. SAC also requested early preparation of a 
complete summary of the WRAIR studies to date. 


REEXAMINATION AND REVIEW OF ALL PROJECT WORK AT WRAIR 


The August 12 and 12, 1969 meetings of the SAC were devoted 
to a complete review of the earlier WRAIR primate work previously 
deferred to allow the second principal investigator, Maj. James T. 
Mcllwain, to study and assess earlier laboratory records, and to 
conduct additional tests. One series of experiments involved two 
monkeys which were subjected to signals of 4.6 mW/cm? and 20 
mW/cm2, respectively. Neither of the primates showed any discernible 
effect of exposure or nonexposure during 250 to 500 simple learning 
tests performed each day. Another phase of the experiment expanded 
the study to four monkeys subjected to 4.6 mW/cm? and included a 
multiple schedule of learning tests and rewards, Again, no significant 
effects could be identified which could confirm earlier. findings. In 

eneral, these findings and assessments presented by Major Mcllwain 
differed markedly from those reported in the December 1968 meeting 
by Major Sharp, 

During the Dessabe: 4, 1969 meeting of SAC, a detailed report 
was given by Dr. Kubis who had been requested, subsequent to the 

revious SAC meeting, to conduct a detailed personal study of the 
Pandora project effort. In particular, he was asked to reconcile the 
difference in interpretation of those earlier results by Dr. Sharp, the 
initial principal investigator, and Dr. MclIlwain, the second principal 
investigator. 

The essence of Dr. Kubis’ report was this: Dr. Sharp interpreted 
the initial assignment as being exploratory in nature. It was a pilot 
experiment seeking leads of possible significance which would warrant 
experimental research. The most one can draw from such experiments 
are suggestions, not scientific conclusions. The base line data from 
which to assess changes in animal behavior was weak because no 
control animals were employed. The sample was too small to permit 
delineation of effects attributable to external factors versus effects 
that might be attributable to changes in radiation exposure. The 
experimental work was hampered by excessive mechanical equipment 
failures involving laboratory equipment which could have had more 
effect on animals’ learning patterns than the radiation. 


CONCLUSIONS OF THE SCIENCE ADVISORY COMMITTEE 


In the January 12, 1970 meeting of the SAC, the Kubis report as 
above summarized was reviewed and discussed in detail. The SAC 
came to the following conclusions. 
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(a) The Pandora primate study did not provide an acceptable 
answer to the question as to whether or not any effects, either be- 
havioral or biological, could be caused by microwave radiation of the 
intensity and characteristics contained in the synthetic “Moscow” 
signal. This failure to provide an answer was due to: 

(1) Assumptions and criteria underlying the experiments were 
appropriate to an exploratory study to define appropriate research 
experiments, not to provide scientific results. 

(2) Contamination of control conditions precluded establishment of 
acceptable base lines from which to judge departures in behavior of 
the subjects. 

. (8) Contamination of experimental conditions by equipment mal- 
functionings and variations in procedure precluded assignment of any 
observed effect to such conditions or to changes in radiation exposure. 

(b) Reliance would have to be placed on future experimental work 
to be done at WRAIR and elsewhere, primarily with human subjects, 
even though grave questions as to the ethical acceptability of such 
studies were still unanswered. 

Project Pandora was terminated on March 20, 1970 without further 
investigation. Its extension to proposed experimentation with humans. 
was never carried out because of the DOD’s concern about ill-defined 
requirements then emerging for fully informed and consenting sub- 
jects for human experimentation. 


Srupy or LympHocyte Counts 
SCOPE AND DURATION 


This study was undertaken by Dr. Thomas P. Stossel, Chief 
Medical Oncology Unit of the Massachusetts General Hospital, and 
Associate Professor of Medicine at Harvard University. It was author- 
ized by the Medical Services Office of the Department of State and 
initiated in February 1976 and completed in June 1978. Blood counts 
taken by the Embassy resident medical officer as part of a general 
health survey on Moscow Embassy personnel had indicated a higher 
. than average lymphocyte count. It was the purpose of this study to 
determine the health implications, and in particular, whether or not 
this higher than normal count could be attributed to the irradiation 
of Embassy personnel. Since it was well known that children have 
higher lymphocyte counts than adults, and the counts observed in 
‘children associated with the Moscow Embassy were not statistically 
‘significant from those generally published for children in the United 
States, it was decided to limit the detailed scope of the study to adult 
employees of the Embassy, including dependents to the extent possible. 


CHARACTERISTICS OF LYMPHOCYTES 


' Iuymphocytes are a class of white blood cells capable of recognizing 
and destroying various types of foreign matter within cells such as 
viruses, fungi, protozoa, and bacteria. The lymphocyte count in 
peripheral blood ee is variable because it is in dynamic 
equilibrium with other body lymphocyte compartments, any of which 
‘may encounter varying intensities of foreign matter. It is, therefore, 
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ABSTRACT 


In an epidemiological study of the parents of children with Down's 
syndrome born from January 1, 1946 to September 30, 1962 and parents of 
matched control children, a significantly larger percentage of farhers of 
Down's cases reported radar exposure than control fathers. . Moreover, 

a larger percentage of the fathers of Down's cases reported having been 

in military service’ (63.1 percent versus 56.6 gercent for control fathers), 
althougan this difference was not statistically significant. because of 

the possible implications of these findings with regavd to the risk of 
Down's syndrome ard possibly other generic damsge to progeny, as well as 
somatic damage in exposed individuals, a new (CURRENT) eéties of parents 
of mongols and matched control children is being studied in aa efiorr to 
replicate the original study. 

Interview information has been obtained in the CURRENT series-Father's 
Interview Schedule, supplemented with additional questions on radar exposure 
both in and outside of military service, as well as more detailed questions 
on military service, service number, duties, etc. Follow-up of all subjects 
in the ORIGINAL series, irrespective of whether military service was reported, 
to requestion on military service is being carried out by a combination of 
telephone, personal visit, mailed questionnaire, etc. Military service 
records are being validated for both ORIGINAL and CURRENT series by search 
of U.S. government military records for names of all fathers (whether or 
not service was reported, whether or not follow-up obtained) for service 
record dates, MOS classifications and other pertinent data available. — 
Chromosome studies are being carried out on all fathers in the ORIGINAL and 
CURRENT series who reported exposure to radar and the unexposed fathers 
matched to them, ; 


Thus far, after ascertainment of over 145 mongols from 27 public and 
private ageacies and hospitals, tracing end interviews have been carried 
out on 238 mothers and 235 fathers of the mongols and their maccned controls 
in the CURRENT series. Tracing and interviewing is continuing as well as 
search of hospital records for validation of diagnosis and search of death 
certificates on deceased index subjects (mongols and their matched controis, 
their parents and sibs, as they are identified). To date 49 deaths have 
been searched. . 


Military service follow-up by phone, mail and personal contact has been 
carried’ out on 366 of the 432 fathers of the ORIGINAL series, with similar 
information obtained by interview on 235 fathers of the CURRENT series. These 
data are being coded and punched to be forwarded for search of government 
records, with the remaining to be sent as soon as available. Arrangements 
have been completed with another agency for search of service records and MOS 
numbers. 


+ 


Chromosome studies on radar exposed fathers and unexposed matched 
fathers are in pregress: 92 blood specimens have been collected, including 
repeats on culture failures and questionable observations. At this date, 
karyotypes have been complered on 40 and 15 more counted. An attempre will 
be made to obtain an additional specimen on all culture failures as well 
as to collect initial specimens fram the radar exposed fathers and their 
matches not yet sampled. . 


wet .. Completion of coding, punching aad analysis of results will b¢ carried 
. oub afcer all the remaining data have been collected. 


Poe 
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Introductory Note 


As indicated in the first Quarterly Progress Repovt, August 29, 1969, 
this project is jointly funded by the Environmental Control Administration, 
HEW ($21,885 for 6/69 through 5/70) and the Advanced Research Projects 
Agency, Office of Secretary of Defense ($64,766 for 6/69 through 5/70). 
The progress of ‘the total study cannot be fractionated into a seemnent 
supported by ECA and another by ARPA, since, except for the chromosome 
studies which are supported entirely by ARPA funds, the remainder and 
primary study is organized as a single project to permit the most effi- 
cient utilization of personnel, supplies and funds. Therefore, the 
progress reports constitute summaries of the overall progress of the 
project with the understanding that each egency will recognize that its 
funds have contributed in appropriate proportion to the overall accon- 
plishments. : % 
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STATEMENT OF PROBLEM: 


Purpose: To determine whether the parents of mongois differ from the 
parents of-matched normal controls with regard to exposure fo 
. radar and/or ionizing radiation and to examine the chromosomes 
of those radar-exposed parents and corresponding paxeats from 
the matchtd series for any discernible differences and/or 
abnormalities. 


Specific Aims: 
1. To compare the parents of mongols with those of controls with 
regard to reported radar exposure, occupations involving 
radar @xposure of exposure to any sources of radioactive sub- ' 
stances or radiation. : * 
2. To compare mothers and fathers of Dowa's syndrome cases with 
mothers and fathers of matched controls with regard to medical 
radiation exposure (diagnostic and/or. therapeutic). 
3. To compare the parents of mongols and of controls with regard 
to other factors (socioeconomic status, religion, menstrual 
and medical history, marital nistery etc.) recognized or 
suspected to be associated with the occurrence of Dawn's. syn- 
drome and to examine their possible interaction with estes 
and/or ionizing radiation exposure. 
@ &. To examine the chromosomes of the fathers with a history of 
exposure to radar and the fathers of children cacched to then, 
and to compare them. ; 


BACKGROUND OF STUDY AND UNDERLYING RATIONALE 


In an epidemiological study of the parents of children with Down’ 

syndrome born from January 1, 1946 to September 30, 1962 and parents of ° 
‘matched control children, a significantly larger percentage of, fathers 

of Down's cases reported radar exposure than control father +) eceouaes 

a larger percentage of the fathers of Down's cases reported haviag been 

in military service (63,1 parcent versus 56.6 parcent for control fathers), 
although this difference was not statistically significanc. Because of che 
possible implications of these findings with regard to tiie risk of Jown's 
syndrome and possibly other genetic damage to progeny, ‘as well as somatic 
damage in exposed individuals. A new (CURRENT) series of parents of mongoi and 
matched control children is being studied in an effort to replicate the original 
study. 


Sigler, A. T., Lilienfeld, A. M., Cohen, 3. H., and Wesclake, J. E.; 
Radiation exposure in parents of children with mongolism (Down's 
syndrome). Bull. Hopkins Hosp., 117 (6): 374-399, 1965 (Dec.). 


The further studies undertakes consist of: 


(1) Aa independent replication of the previous study utilizing 
families of Down's cases born in 1945 and between 10/1/62 and 12/31/62 
called the CURRENT interview series. This invoives the collection of the 
same data ag in the ORIGINAL series, with supplementary portions on mili- 
tary service and wader exposure to determine whether the same patterns 
appear in an independent replication and at a different pericd in tine. 

(2} Follow up of the ORIGINAL interview series for more detailed 
information on military service and radar exposure. Follow up is being 
carried out by a combination‘of phone contacts, mailed questionaaires, 
and personal visits. 

(3) Chromosome Study ~ All fathers in the ORIGINAL and CURRENT 
interview study series reporting radar exposure and unexposed fachers of 
children matched to the children of chose radar exposed fathers are being 5 
followed up and samples of peripherai blood examined for chromosome 4>- 
normalities. In addition, the chromosome study grouo includes rader 
exposed fathers ascertained for the ORIGINAL and CURRENT series but not 
in the final interview study series because of unavailability of che 
complete matched pair for interview. For these unmatched radar exposed 
fathers (unmatched in the interview series) a new unexposed match is 
being obtained for chromosome analysis. 


In addition, since the initiation of this presently ongoing phase on 
June 1, 1969, certain opportunities to extend the scope of this investiga- 
tion have become apparent both in regard to obtaining more objective 
validation of the military service and radar exposure on all fathers - 
ORIGINAL and CURRENT series - irrespective of reported service and/or ex- 
posure (a fourth phase of the study); and also in regard to increasing 
the size of the CURRENT study series. - 

(4) Validation of military service and exposure - Through consulta- 
tion on procedures for checking military service and radar exposure fron 
government military files a plan has been designed for documentation of 
military service and radar exposure. This is to be carried out along 
with supplemental interview information by partial follow-us reinterview 
of the original series. Moreover, even in the absence of available reinter- 
view data, validation procedures will be applied. Thus the search of govern- 


ment records on fathers in both the ORIGINAL and CURRENT series will be 


entirely independent of whether or not service or radar exposure was reported. 


Increased size of study series: It is now apparent that a larger 
study series than expected will be available. Whereas it was estimated 


that the families of approximately 95 cases and 93 controls would be avail- 
able for the current study, more comprehensive methods of ascertainnzent, 
probably improved diagnosis and more complete case-finding by community 
and private agencies as well practicing physicians, has made ic possibie 
co identify over 147 cases for study, thus a 50% larger sample. 


The Likelihood of attaining more definitive results would be con- 
siderably enhanced both by being able (1) to incluce the total stucy series 
available rather than the previously estimated smaller study group, and 


(2). te carry out more intensive search and validation of military service 
récords and radar exposure. 


For these purposes, therefore, an extension of the time schedule 
beyond the original date and additional funds will be required to accomo- 
date the 50% larger sample. A budget for supplementary funds has been 
submitted. It should be noted also that while the changing circumstances 
leading to improved ascertainment in the time interval between the orig~ 
inal and currence investigation has made possible an increased yield of 
cases, other changes, such as those pertaining to residential patzteras of 
families of children born in metropolitan Baltimere hospitals have in-~ 
creased the travel time and cost per case stucied, as explained in the 
first Quarterly Progress Report (September 30, 1969). 


In the extended plan, both the documentation of military service 
records and addition of the larger series for study are to be incorporated 
within the framework of the existing project design. 


APPROACH TO THE PROBLEM 


The approach to the problem constitutes the three aspects described 
in the initial proposal (1} Follow-up of the ORIGINAL study series, 
(2) Independent replication in thé CURRENT study series, (3} Chromosome 
study of all radar exposed fathers ascertained in either study series and 


_ of unexposed fathers matched to them} and another aspect, (4) Valida- 


tion of military service and radar exposure (insofar as possible) from 
government records for all fathers of mongols and of controls in both the 
ORIGINAL and CURRENT study series. Moreover, the series ascertained is 
larger than expected and an attempt is being made to extend all phases 

of the investigation to the larger study series. 


The METHOD OF PROCEDURE thus follows the overall design proposed and 
approved for the project at the awarding of the contract, with the supple- 
mentary aspects designated above. 


I. Subjects 


Selection of cases: Children with a diagnosis of mongolism meeting the 
eriteria already described for the “original" series(1) and born in the 
greater Baltimore area between 1/1/45 and 12/31/45 and also those born 
10/1/62 through 12/31/68 are included. Sources of ascertainment for the 
ORIGINAL series and for the CURRENT series have been indicated and are 
described below. 


The CURRENT interview samole is being confined to those years for 
which cases were not ascertained in the ORIGINAL series. in that previous 
study, 421 cases born from January 1, -1946 to October 1, 1962 were collec- 
ted, with 288 meeting the study requirements and 216 availabie for - 


Sigler, A. T., Lilienfeld, A. M., Cohen, B. H., and Westlake, 5. E.; 
Parental age in Down's syndrome (mongolism}). J. Pediat. 67 (4): 631- 
642, 1965 (Oct.)}. : 


interview, At the same rate of 1.4 per month meeting requirements and 
1.07 per month available for interview, it was estimated thet apsrox- 
imately 105 additional mongols would be found in the “Baltimore area frox: 
October 1, 1962 to January 1, 1969, with at least 80 available for final 
study. [Tf 1945 were added, 13 to 16 more cases would be available, thus 
approximately % cases in all. 


Bucause of the inereased number of saurces of ascertainment as well 
as better diagnostic procedures and case finding techniques among phy- 
sicians, private and public agencies, and possibly also improved search- 
ing techniques, it has been possible, as stated above, to obtain a 
larger study series than previously anticipated, i.e. about 147 cases of 
Down's syndrome and an equal number of matched controls rather than the 
95 of each previously estimated. 1 


Diagnostic criteria for cases 


The following physical findings in Down's syndrome, based on pvre- 
viously reported findings are considered “primary” criteria for diagnosis; 
1) Brachycephaly, 2) Slanted palpebral fissures, 3) Epicanchic folds, 

4) Palmar.simian lines, 5) Malformed ears, 6) Broad and/or short neck, 

7) Malformed fingers and/or hands, 8) Nasal abnormality, 9) Hypertelorism, 
10) Abnormal palate, 11) Brushfield spots, and 12) Broad and/or short 
trunk. , . 


Each available case of Down's syndrome, or the case record, will have 
been examined by a qualified pediatrician. BDiagnoscic verification 
required for inclusion of the child in the study is as follaws: 

1. At least seven of the above primary criteria actually listed 
by a qualified observer on a medical record; or 
2. Five primary signs plus chromosomal studies; or five primary 
_ Signs plus evidence of either congenital heart disease or 
‘abnormal hip angles - the heart disease and/or hip angle 
avidence either documented in medical records or determined 
by personal inspection by a qualified physician approved 
by the principal investigator; or 
3. Six of the above listed primary signs as indicated by 
personal inspection of the child by a qualified physician. 


Selection of control subjects: Birth certificates of the children 
with Down's syndrome are being located, and cheir place of birth and other 


‘vital information verified. Control subjects are selected by rigidly 


matching, in a systematic manner, each case with another certificate for 
(i) hospital of birth (or at home), (2) sex and race of child, (3) maternal 


age at time of birth of child and (4) dare of birth. 


In euch case the best control is a child whose birth date was closest 
to that of the Down's child of the same sex born in the same haspisai to 
a mother of the same age. If the best conctxol on the basis of established 
criteria either has lefr the state or cannot be Located, the next best 
control is selected (i.e., with slightly greater difference in birth cates), 


the other criteria remaining tne same. 


The hospital records as well as birth certificates of all control 
children are examined co be certain that the “normal” control group 
contains no cases of Down's syndrome. 

é 
TI. Data Being Collected 


Records. Birth records (certificace and hospital) and other 
available hospital and medical records are examined for pertinent infor- 
mation. 


Interviews. Mothers and fathers are being interviewed to 
obtain further information. Where mothers or fathers are deceased, inior-  . 
mation is obtained insofar as possible from the surviving parent. If both 1 
parents are deceased, and necessary information is unavailable, the sub- 
ject is to be excluded from the matched series. 


’ 


Interview data include: 


L. Complete names and addresses of each parent, index child 
and sibs. : 

2. Child's sex, place of birth, physician, and history of hos- 
pitalizations and medical conditions. ’ 

3. Mothers’ education; religion; and histories of residence, 
occuoation and marriage. Medical data will include histories of menstru- 
action, pregnancy, hosoitalization and details of radiation exposure. The 
latter will include diagnostic X-ray, radiation therapy, fluoroscosy, 
and injection or ingestion of radioactive substances. . 

4. Father's education; religion; residence; occupational history... ... 
with detailed information about military service; marital history; number 
of offspring; illnesses; medical and hospitalization histories; and other 
pertinent data. ~ : 

The mother and father are usually interviewed incependeatly at home. 
The approach to both the families of the mongols and controls is uniform; 
the interviewers are not informed which are cases and controls and recog- 
nition of the mongol's family is usually not known until the actual in- 
terview is conducted, if then. Questions about radar and radiation expo- 
sure, medical conditions, and occupation are phrased without reference 
to the birth of the index child. Insofar as possible, dates of exposure 
are obtained, however, so that the time-relationships relative to the 
index child can be examined in the analysis. 


Validation of findings derived from interview data is being artempted 
by independent and simultaneous examination of several characteristics of 
‘the parents of mongols and of controls as weii as through independent 
search of hospital records, 


Validation procedures for military service/radar exposure include the 
above described independent ascertainment of data through search of mili- 
tary files on all fathers, irrespective of whether they reporced such 


@ service/exposure or not, “ 


Til. Chromosome Studies: 


The chromosomes of fachers who report a history of radar exposure are 
being examinec to déegermine whether any aberrations, such as aneuploidy, 
translocations, dicentrics or other aberrations or evidence of breaks, 
@tc., are observed, As a comparison group, the chromosomes of unexposed 
fathers of the children matched to those whose fathers indicated radar 


exposure are also being studied. 


in the series already published‘! 18 fathers of children wita 
Down's syndrome and seven fathers of control children reported definite 
radar exposure with several additional fathers (about eight) having 
questionable exposure. These fathers and the fathers of children matched 
to those cases and controls are being located and blood drawn for chromo- 
some analysis. ? 


It was estimated that the CURRENT study series (based on cases born 

Oct. 1, 1962 to Jan. 1, 1969 and 1945 in the Baltimore area) would yield 
ac least 11 additional exposed fathers and 11 matched fathers, making a 

* + total of 72-80 fathers on whom chromosome studies would be carried out. 
That estimate assumed that the rate of Down's syndrome, ascertainmentc, 
and radar exposure would be similar for years to be studied with those 
years already studied. With the larger CURRENT study series available 
and including those who had worked near radar, it is nay estimated thar 
60 co 70 fathers may be found to be "radar exposed". Thus, with the 
matched unexposed fathers, the estimated number of persons on whom 
chromosome studies will be performed has now increased to about 120 co 149. 
With deaths and refusals, a conservative estimate of 100 to 120 is more 
plausible. ; 


RESULTS AND DISCUSSION OF RESULTS: 


The results necessarily constitute a review of the project progress 
to date. Because of the larger than expected sample size ascertainment 
in the CURRENT series and problems of dispersal of the population to out~ 

. ‘lying areas, interviewing is not yet complerce, nor is the identification 

yl of all radar exposed fathers and unexposed matched fathers or the 

: collection of blood specimens from those fathers. Therefore, the cumula- 
tive progress to date. will be reviewed as such, with analysis of results 

and conclusions necessarily deferred until completion of data collection. 


Sigler, A. T., LilienZeld, A. M., Cohen, B. H., and Wastlake, J. E.; 
Radiation exposure in parents of children with mongolism (Down's 
, syndrome). Buil. Hopkins Hosp., 117 (6): 374-399, 1965 (Dec.). 


Proeress to February, 1976; 


staff recruitmenc has been completed aad is now stabilized to consist 
of a coordinator, secretary, junior clerk typist, nurse-blood technician, 
cytogenetics teconiciaa, and seven data processors including research 
technicians, clerk specialists and trecers who ere handling various 
duties involving hosgital records, vital statistics, coding, tracing, ete. 
Whereas there have been up to five part time interviewers in the field 
simultaneously, there are currently tnree interviewers on the stafi. 


The design of basic procedures and forms has been completed including 


special follow-up letters, and questionnaires on military service-radar 
exposure, etc., as well as special coding sheats and code forms. 


Codes have been established for military service records search as 
well as for coding of interview data on fathers, mothers, index cases 
(Down's syndrome and matched controls) and sibs of indicas. 


Ascertainment of cases of Down's syndrome has been completed with 
checking out of lists from schools, hospitals, care centers, public and 
private agencies indicated in the first report. Baltimore City Public 
Schools from which ascertainment was delayed until opening of the fall 
semester have been screened, and additional new cases obtained therefron. 

Thus far 230 cases have been ascertained, of whom about 140-150 appear to 
be eligible, according to our current criteria. Ninety of the 230 have 
been excluded for various reasons; e.g. rejected en basis of current 
residence out of stare (or beyond Baltimore and surrounding metropolitan 
area), birth certificate check indicated not born in Baltimore, date of 
birth incorrectly given (outside study period, etc.) , family requested 
no referral, diagnosis not confirmed from medical records;or thus far 
cannot be located. The sources of the sample on the CURRENT series are 
specified in Table 1, Where a case was ascertained from multiple sources, 
only the initial source is indicated. 


Control matching has proceeded and controls have been matched to 
cases in accordance with the standardized matching procedure of the study 


previously described. 


Tracing and interviewing of mothers and fathers of identified Down's 
cases and controls have continued. As indicated in previous reports, 
further follow up and different individual approaches are planned for 
refusals; and it is hoped that partial or completa interviews may be ob- 
tained on some of these subjects. Often several calls are required to 
complete interviews even on cooperating responcents, both because of the 
length of the interview and because every effort is made to adjust to 
the convenience of the respondents. For the readily located respondents, 
completion of interviews has involved over 17.5 miles per call and well 
over 50 miles per completed interview at current estimate. This includes 
hospital record checks and vital records secvch and also blood collection 
where indicated. No estimate is yet available for the diificuit to lecata 
group, still being traced. 


The completion status of interviewing on the CURRENT series is sumn 
ized in Table 2. A total of 473 interviews have been partialiy or total 
completed on parents of mongols and their matched controls. It hes not 

been possibile to locate three fathers thus far; 21 fathers and 23 mothers 
nave refused to be interviewed, with a very slightly higher refusal rare 
among case families than among control families. Ic should be noted how- 
ever that whereas mongois were ascertained through agencies w 


tion on them after birth and were thus relatively locatable despite family 
: situation, controls were matched through birth certificates and therefore 
more difficult to locate, but when located possibly less Likelv to be in 
a situation leading te interview refusal. To be noted also is the fact 
: that many of the first matched controls had to be replaced because of 
inability to locate. 


with informa- 


Record validaeions As the deaths become known through interview, death 
certificates are being requested on all deceased index cases, parents and 


sibs. Validation of medical information and any questionable information 


.is being attempted through search of hospital records and coatacts with 
physicians. 
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The deaths to indices, parents and sibs of mongols and matched controls 
in the current series are tabulated in Table 3. Thus far there are 37 


deaths revorted in, the interviews of mongol families and 23 deaths in the 


contrel families. For 48 of these, death certificates have been obtained 
and are being coded; the remainder are being searched. 


Follow un ~ susoplementar 
inal series: 


military service and exposure data on oriz- 
In ordcer to obtain supplementary information for the original 
series, in particular on military service and radar exposure, a follow up 
plan has been designed to include a combination of personal visits, phone 
contacts and direct mailing. This has been initiated, but because of the 
time interval since last contact and the recent mobility of the Caucasian 
population from urban to suburban areas, tracing problems have decreased 


the rate of progress. Table 4 summarizes progress with regard to follow 
up. 


Of the 432 fathers of mongols and of matched controls in the ORIGINAL 
series, contact has been made and follow up data obtained on 366 fathers. 
Thus far it has not been possible to locate three fathers - registered 
letters having been returned by the postal service. -Further attempts at 
search. are being made. In addition, 44 mailed questionnaires have not 


been answered or returned. Some of these may turn out to be refusals or 
unlocatable. 


Validation of military service and exposure 


j As 2 result of consultation on procedures for checking military ser- 
vice and radar exposure from government military files, a plan has been 

: designed for decumentation of military service and radar exposure. This 
is to be carried cut in conjunction with supplemental partial reinterviaw 
of the original series, though the search of government records will be 


entirely independent of whether or not service or radar exposure was reporc- 
ed, 


& 


Necessary arrangements have been made between the School of Hygiene 
and appropriate agencies for this search. For this purpose, the latess 
military service fnformation available on follow up is being coded and 
transferred to punch cards to be used as an aid in identification of 
fathers in the study. Wherever possible military service numbers have 
been obtained and included. Thus far records for 362 study fathers are 
ready to be forwarded for government military record search ~ 269 from the 
original series and 93 from the current series (Table 5). In addition, 97 
more from the original series and 143 more from the current series are 
being prepared for punching to increase the total by 240 to 602 fathers. 
The remainder are still being followed up or processed, or, if in the ‘ 
current series, are yet to be interviewec. ; 


Chromosome Study: 


The methodological approach of the chromosome study is described above. 
The chromosome study group now comprises 43 radar exposed fathers from the 
ORIGINAL series - 27 fathers of mongols and 16 fathers of controls - along 
with 43 unexposed matched fathers - 1] fathers of mongols, 21 fathers of 
controls, plus 11 fathers who are “new matches" (five to replace unex~ 
posed fathers of mongols of original series and six to replace unexposed 
fathers of controls}. From the CURRENT series there are 16 radar exposed 
fathers - 8 fathers of mongois and 8 fathers of controls ~ and 13 unex~ 
posed fathers - 6 fathers of mongols, 6 fathers of controls, 1 "new maten’} 
and three unexposed father matches to be identified. Other CURRENT series 
radar exposed father and unexposed fathers matched to them will be added 
to the chromosome study group as they are identified in the CURRENT series 
interviews still in progress. 


The distribucion and the number of specimens of blood collected in 
the chromosome study are summarized in Table 6. According to the last 
count, 92 blood samples have been obtained on 75 fathers from the two 
series. Two of the fathers have been dropped from the study because they 
were found not to have been radar exposed, leaving 73 study fathers from 
whom blood has been collected. : 


* . Ps > * ¢ * >. 
Replacements are used for unexposed fathers who were initially matched 


to exposed fathers but who are not available because they are deceased, 
moved outside the Maryland study area, unable to locate, their matches 
had refused interview in Original or Current Interview Series and/or 
are unavailable for other reasons. Replacements are thus unexposed 
“new matches" to radar exposed fathers. 


On 63 subjects , only one sample has been obtained; on 8, two samples 
and on 4, three sampics. To date there have ocen approximately 27 culture 
failures that required (or still reauire) a second biced sample or a third 
blood sample and on one subject, a fourth sample is now required. When an 
additional specimen is obtained because of culture failure, the samc code 
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lecters are retained es the failure. However, when ad abnormality is sus- 
pected a repeat specimen is obtained from the subjecr with now code Letters 
assignec. This is forwarded to the icboratory @long with routine initial 
Specimens, so that rhe keryotyne analysis is carried out incéepaencently 


(blind) by the cytogenetics laboratory. 

At the present time, approximately 45 more ssecimens are to be obtained 
in order to replace culture failures and to screen subjects nor yet sampled, 
in addition to 28 repeat "blind" samples for checking. In view of the rate 
ox culture failures to this tims, it is quite likely that the number of 
additional specimens to be collected and analyzed is as great or greater 
than the number already processed. 4 


The latest report from the cytogenetics laboratory is summarized in 
Table 7, Cytogenetics Laboratory Report Summary. An average of 20 cells per 
patient (ranging from 7 to 50 cells per patiant) is being counted. Among 
the 55 karyotypes counted thus far, 2% samples will require further 
study. Every effort is being mace to keep the study objective and co-make 
certain that the laboratory on receiving and analyzing blood specimens is 
not aware of the parental exposure status, etc. 


An effore willbe made to trace the etiology of abnormal karyotypes in 
chromosome study fathers insofar as possible in order to provide not only 
the case-control statistical analysis as planned, but also more specific 

-insight into sources and causes of abnormalities, if and wnere founc, 


SUMMARY, CONCLUSIONS AXD RECOMMENDATIONS: 
A summary of the current status of the project oparacion has been 
presented above. [It should be noted that at the initiation of the project, - 
it was estimated that approximately 95-105 families of mongois would bea 
available for study, based on the experience of the previous series. Hevaver, 
generally improved methods of diagnosis and ascertainment techniques have 
made available for study approximately 147 - or about 50% more than expected. 
Since investigation of a larger group would considerably increase the Likeii-~- 
hood of obtaining more definite answers to the questions under study, a 
~, renewal of the contract with additional funds has been suggested by this 
; investigator. Accordingly, for maximum efficiency of project operations, 
interviewing, collection of blood specimens and other field phases of the 
study were extended into the additional series by reallocating funds previously 
designated for analysis of the smaller series. Thus, at this poinc in time 
although no completed or near complete summaries of tha cara content are 


including 2 fathers later eliminated from the study (Table 7) 


failable, numerical counts based on field work, follow up, concurrent 
geen aad blood specimens in various stages of processing have been presented. 


Arrangements have already been made for the searca of government r 
on all fathers whether or not reporting services, Whether or not repore: 
radar exposure, to obtain 2s much information as possible concerning x: 
matters. in addition, as described above in the chromosome study, when 
aberrancies are suspected, additional specimens are being obcained, giv 
new code letters and sent for independent analysis to confirm or ices ne 
initial findings. Every effort is being made to obtain as complete and as 
accurate information as possible as well as to utilize multiple and varied 
approaches to discern probable causation, or at least gain as much supplemen- 
tary informative data as possible. q 


While this investigation is scill in progress, it is most important to 
extend the observations to as large a sample as is reasonably ascertainable 
in order to increase the definitiveness of any findings obtained, and, to 
validate the observations insofar as is possible. Toward these goais, hope~ 
fully funds will be made available as requested. 


3 


Although this is one relatively smali study to examine possible effect 
of microwaves, not only ics findings per se but also the significance of th 
whole area of research on radar and microwave effects must not be overlook 

It is, therefore, important to determine wnether the previous interview 
findings of higher frecuancies of military service and radar exposure among 
fathers of children with Down's syndrome are confirmed by an independent 
replication of the original study, and by record validation of both tne 
ORIGINAL and CURRENT study series. At a time when military and inccscrial 
uses of radar and microwaves, and even household exposures to microwaves, 
ere continually expanding, the SRL ORRENEE of Savas tgaces this problem must 
not be underestimated. 
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The project plan thus includes the following: 


ORIGINAL series 

L. To locate the £ 
January 1, 1940 toe @etod 
up to date, obtaining m 
aQod radar expesure as we 
contaecc. 

II. To obtain from the radar exposed fathers ef cases and controls and 
the unexposed fathers matched to the radar exposed subjects blood sanples 
for chromosome studies and te carry out complete chromosome analysis on 
these fathers in the ORIGINAL series. 


thers of cases and controls in the origiaal 
rol, 1962 series and bring their records 
@ detailed information on military service 


$a] 


Q 
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CURRENT series 
TIL. To identify and trace parents of children with Down's syndrome 

born in the Baltimore area from October 1, 1962 to January 1, 1949 as weil 
as from January 1, 1945 to December 31, 1945 and: 

A. Verify diagnosis. 

B. Search birth certificates on these afitected children. 
. €. Select controls matched to cases on hospital of birth, data 
of birth, maternal age, race and sex of infant. 


iV. To carry cut interviews of parents of Down's cases of current 


V. To trace the matched controls of the current series and incerview 
their parents. 


VI. To validate selected portions of the data obtained by interview 
ag@inst mecical records in current series. 

VII. To obtain blood samples and carry out chromosome analysis on all 
fathers reporting radar exposure and on the corresponding fathers of 
children matched to those whose parents were exposed in the current series. 


VIII. To validate paternal milirary/radar history by independent search 
of government military files on all fathers irrespective of sexvice/radar 
report (as well as carry out chromosome studies incicated abco.s under IT 
and VII respectively). 

IX. To follow through on any chromosome abnormalities observed in an 
attempt to trace their etiological bases, 
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Sources of Ascertainment of Mongyeols in Current Series - 


Department of Health + Baltimore City 
Handicapned children pas 
4 
4 


Oe AP ee Ga 
Biortacisti 


gp 
NSF 


Baltimore Association for Retarded Children 18 
Rosewood State Training School ° 5 


Searchlisht School 2 
School of Chimes 2 
St. Francis 3 


Baltimore City Public Schools 


Claremont School (Baltimore City) i 
Baltimore County Public Schools 

Rolling Read School h 

Battle Mt. School 3 

Ridse Road School 3 


Johns Hopkins Hospital Medical Records 
t. Josephs 
Si. Agnes 
Bon Secours 
Franklin Square 
Lutheran 
South Baltimore General 
Greater Baltimore Medical Center 
Beltimore City 
University 
Maryland Gereral 
Tey 
Church Home and Hospital 
Union Memorial , 
Sinai 
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TABLE 2 


Status of Taterviewing ia Curren 


No. 
i Unable 
. toe Tnter- 
Locace viewed 
Mothers of mongols “. 115 
Fachers of mongols 1 L138 
Mothers of controls ~ 118 


(including new matches 
when unable to locate) 
Fathers of controls 2 117 
(including new matches 
when unable ta locate) 


Total 3 473 
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being 


processed 


1é 
16 
19 


19 


“68 


Total 


147 
147 


147 


528 


TABLE 3 


Deaths of Index, Parents, and Sibs in Current Series 
a 


Deaths (on interviews returned) 
- 


Mongols 
Mochers 4 
Fathers a} 
Index subjects ‘ 17 
Sibs (including stilibirths) Ls 
Total 37 
Controls 
Mothers ¥ 2 
Fathers 3 
Index subjects - 
Sibs (including stillbirths) 12 


Total 23 
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filitary Service Contact Follow Up on Original Series 


4 
Total Number of fathers of mongols and controls ascertained 


Contace made and information obtained 
Re fusals ‘ 

Unable to lecate to date 
Questionnaires still out 


DECRSSEO wis seks eek etirpecae ae orb MRO Ma Mae als wee CREDO 


TABLE 5 


‘ 


Processing for Government Record Sear 
a 


ona 


* Origi 

Seri 

Punched and to be sent for 209 
government record search 

Coded and ready to be punched 97 


Total 366 
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BW SPEGTEENS OM RADAR EXPOSED AND UNEXPOSED FATHERS ‘ 


1 
Number Number of specimens obtained Mowber of fathers: ; 
Fathers ist 2nd Jed 4th Deceased Living out Unable to Re fusals 
ORIGINAL SERIES. Sens. Apteetteeti ern hun? pobeerinn SN BOVE EMOTE .6 OCMC Soe oo 


Exposed fathers of: 
Mongols 27 14 
Conttrals 16 14 


in he 
i 
$ 
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Total exposed 43 28 7 2 - 2 4 2 7 


Unesxposed fathers of: 


Mongols Li ‘s 1 1 ~ 1 3 ~ 2 
Controls 21 19 4 2 “ 2 “ ~ 2 
New aacches LL 5 - ~ - 2 - ~ 3 


ol 


Tocal unexposed &3 28 S 2 - 5 <a - 


18 


NEW SERIES (thus far) 


Exposed fathers ef: 
Mongols & 5 - - “ 1 - - - 
Controls 8 ) 


Total exposed 16 11 - - - l _ aa = 


Unexposed fathers of: 
Mongols “ 6 
Controls ° 6 
New matches L 


Unidentified (to 
be aebtained) 3 = 4 7 < = * a 3 
Total unexposed 16 & ~ “ - “- a <i . « 
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- Total Chromosome 
Study - 118 73.0 «12 4 - © 3 7 Z © 
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Cytogenetics Laboratory Report Summary - February 1970 


rg 
Biood specimens received: 92 including repeats on failures 
; Different codé numbers: 78% 


Status of Chromosome analyses: 
s 


Godipiated with neo tyed . 40 7 
Additional counted® and photographed ~16 
Additional counted* _ mot photographed mes 

Total counted " $5 
Samples recaived but still to be counte 12. 
Specimens successfully cultured 67 


# 7 to 50 ceils per patiented counted, average 20 cells per pacient. 


*e 


* This luvolves 75 fathers, 3 fatners having been given anew code 
numbers for blind checking of duplicate samples. Of the 75, 2 
listed as radar exposed were subsequently dropped from the study 
because of lack of confirmation of rader exposure. 
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In an epidemiologicai study of the parents of childran with Down's syndrome 
bora from January 1, 1945 to September 30, 1962 and parents of matched control 
children, a significantly larger percentage of fathers of Down's cases resorted 
radar exposure than control fathers. Moreover, a larger percentage of the 
fathers of Down's cases reported having been in military service (53.1 parceat 
versus 56.6 percent for control fathers), although this difference was not 
statistically significant. Because of the possible impiications of these find- 

ings, a new (CURRENT) series of parents of mongols and matched control childrea 
is being studied in an effort to replicate the original study. 

Interview information has been obtained in the CURRENT series with Father's 
Interview Schedule supplemented by additional questions oa radar exposure both in 
and outside of military service, as well as more detailed questioas on military 
service, service number, duties, etc. Follow-up of all subjects in the CRIGINAL 
series irrespective of whether military, service was reported ~ to vrequestion on 
military service ~ is being carried our by a comoiaacion of telephone, personal 
visit, mailed questionnaire, etc. Military service records are being validated 
for beth ORIGINAL and CURRENT series by search of U.S. government military 
records for names of all fathers (whether or not sarvice was reported, whether 


or not follow-up obtained) to obtain service record dates, MOS classifications 
and any other pertinent data available. Chromosome studies are being caxried 
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ABSTRACT (Continued) 


ouc on al] fathers in the ORIGINAL and CURRENT series who reported exposure 
to radar and the unexposed fathers marched to them. 

Thus far, after ascertainment of over 145 mongols from 27 pubiic.and 
private agencies and hospitals, tracing and interviews have been carried out 
on 238 mothers and 235 fathers of the mongols and their matched coatrols in 
the CURRENT series. “Tracing and interviewing is continuing as well as searen 
of hospital records for validation of diagnosis und search of death cercific 
on deceased index subjects (mongols and EnGLS matched controls, their Ss Seaee 
anc sibs, as they are identified). To date 49 deatns have been searched. 

Military service follow-up by phone, mail and personal contact has been 
carried out on 366 of the 432 fathers of the ORIGINAL series, with similar infozr- 
mation obtained by interview on 235 fathers of the CURRENT series. These data 
are being coded and sunched to be forwarded for saarch of government records, 
with the remaining to be sent as soon as available, Arrangements have been 
completed with another agency for secrch of service records and MOS aumbers? 

Chromosome studies om radar exposed Fathers and unexposed marched father 
are in progress: 92 blood specimens have been collected, including repeats on 
culture failures and questionable findings. At this date, karyotypes have bpaen 
completed on 40 and 15 more counted. An attempt will be made to obtain an 
additional specimen on all culture failures as well as to collect initial specimer 
from the radar exposed fathers and their matches not yer sampled. 

Completion of coding, punching and analysis of results will be carried cuz 
after all che remaining data have been collected. 
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@. the earlier progress report we also reported preliminary observations 
on effects of microwave irradiation on cell packing density in neurons of the 
‘ somatosensory area (area 3) of the submolecular laminae of the rat cerebral 
cortex. Only 3 irradiated and 3 control specimens were available for that 
study. In the period since that report we have obtained additional cerebral 
cortical tissues from 6 irradiated and 5 control animals from the same group 
of adult rats described previously. The irradiated animals were exposed to 

a total of about 12,6 my/gm in 12 exposures, The brain tissues were fixed in 
10% formalin, imbedded in Paraplast, sectioned at 20% and stained with a 

_ quadruple method employing gallocyanin-chromalum, iron hematoxylin, acid 
fuchsin and ponceau de-xylidene. Cell counts were carried out on these 
tissues by the same method as described in the previous progress report. The 
results of these cell counts are presented graphically in figures 5,6, and 7. 


Neuron packing density was not significantly different in itradiated and 

control series although the mean value in the irradiated brains was lower 
than in controls. In both of these groups peak values were observed at relative 
cortical depth levels 4-6 (internal granular layer) and 14-18 {multiform layer). 
Counts of glial nuciei, on the other hand revealed a higher packing density 
in the irradiated than in the control group (Fig. 2). The difference between 
the two, considering mean values for the entire depth of submolecular cortex, 
proved to be significant at the .05 level. The ratio of glial to neuron 
packing density (Fig. 3) was also significantly higher in the irradiated than 

e control group (p < ,05). The greatest difference between the two 

$ appeared between relative depth levels 7 and 12 corresponding to cyto- 
architectonic laminae IV (internal granular lamina) and V (internal pyramidal 
lamina} and levels 18 to 20 in the deeper part of the lamina VI (multiform lamina). 
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In another’ phase of the program fourteen timed pregnancy albino rats 
ayue-Dawley strain) were injected intraperitoneally with 1 pe/gram H3- 

midine. The animals were then exposed to microwave irradiation at 100 
milliwatts per cm@ body surface for 5 minutes. Fetuses were then taken at 
hourly intervals up to 24 hours, with one additional sample at 36 hours follow- 
ing.the initial thymidine injection. In the interval between sacrifices, the 
laparotomy incisions in the abdominal wall of the dams were closed with 
loosely sutures. No more than 3 such Cesarean deliveries were made from each 
dam at one hour intervals and each of them was thus under anesthesia for only 
two hours, Control animals were subjected to the same procedures but with 
sham-exposures to the microwave irradiation, The brain tissues were fixed 
in Bouin's solution, imbedded in Paraplast, sectioned at 6y and 2p and 
prepared for radioautography by dipping in NIB-2 liquid photographic emulsion, 
The tissues were exposed in light-tight containers for 6 weeks at 5-6° C, 
then developed and stained with hematoxylin and eosin. Only preliminary 
studies of the control animals have been carried out thus far. These initial 
observations indicate that the duration of the cell cycle in control rats is 
106 hours, G2-2 hours, M-l hour, Gl-3 hours and S-4 hours. However, the irrad~- 
iated tissues have not yet been processed, The microwave exposures, sacrifices, 
and tissue fixation procedures in this phase of the program, were carried out 
in the laboratories of Dr. Don Justesen, Veterans Administration Hospital, Kansas 
City, Missouri. 


In another series of experiments, several pregnant albino rats of the 
Sprasue-Dawley strain were exposed to microwave irradiation at doses of up to 
fem* for periods of from 10 to 40 minutes, The microwave exposures were 
ied out in the laboratories of Dr. Joseph Sharp, New York State Department 
of Health, Albany, New York. The brains were exposed to irradiation on 
gestation day 13 and sacrificed on gestation day 19, They were fixed in Bouin's 
fluid, imbedded in Paraplast, sectioned at 10u and stained with hematoxylin 
and eosin. One fetus of the group, which was exposed to the highest dose level 
for a period of 40 minutes, revealed severe tissue distortion and aberrations 
of the cerebral hemisphere with re-duplication of the hemisphere and primordial 
cerebral cortex on one side. Several other brains of the same group showed 
similar tissue distortion without re-duplication of the hemisphere. However, 
no rosette formations, which are commonly seen following ionizing irradiation, | 
were observed in these brains. Further studies on these brains are underway 
at the present time. : 


In addition to the above, a number of fetal brains, from the original 
microwave series described in a previous progress report, have been subjected 
to further study. In the earlier studies we determined the mean depth of 
primordial cerebral cortex in these animals, In recent investigations we 
have plotted the total cross-sectional outline of the primordial cerebral 
cortex in both right and left hemispheres by- means of a drawing tube mounted 
on a Leitz Ortholux microscope. The sections from which these projection draw- 
ings were made were located at the rostrocaudal midpoint of the cerebral hemis- 
phere, The total cross sectional area ofthe primordial cerebral cortex will 
now be determined by means of planimetry. The mean values for the cross 

tional area will then be determined for each group of irradiated animals 

ontrols, In investigations involving ionizing irradiation, on another - 
ect, this experimental end point has revealed differences in radiation- 
induced diminution in primordial cortical tissue much more effectively than 
mere measurements of mean depth of the primordial cortical cell layer. 
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The original table from the earlier progress report outlining the data on 
_ dosages, numbers of available fetuses and mean values for depth of primordial 
cerebral cortex (cortical plate} is given below. 


nie Table I 
GROUP No. of fatuses measured to date Dose 
I (control) — : 10 10 seconds-sham exposure 
It ; 6 10 seconds, 1 watt 
Tit, ; 1i 10 seconds, 10 watts 
Iv ; 15 ; 10 seconds, 106 watts 
V 24 me ME ' 20 seconds, 100 watts 

4 

GROUP Mean depth of cortical plate 
I = 114, 36 
Ir. 248, 59y 
Tit 157. 042u 


157, S41y 
133, 840u 
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Exposure of adult monkeys to microwave irradiation did not result in any statis- 
tically significant alteration in neuronal or glial cell populations in pre- 
central or postcentral gyri (hand-face area), superior or middle temporal gyri or j 
in visual cortex, Exposure of adult albino rats to microwave irradiation (about 
l2mz/gm body weight) resulted in no significant alteration in the neuronal 
population (somato-sensory of cerebral cortex, e.g. cortical area 3), but resulted, 
in a small but significant { p < .05) increase in the glial population, These 
results suggest that microwave irradiation in this species, at the dose levels 
employed, may stimulate immature glial cells, known to be present in the cortex, 
to proliferate and mature. 


Teratologic alterations were observed in fetal rat brains from animals 
exposed to microwave irradiation on gestation day 13 and sacrificed on gestation | 
day 19. : 

Cytokinetie experiments are underway to determine effects of microwave 

radiation on the cell generation cycle in the primordial ependymal layer of the, 
tal cerebral hemisphere in the rat. | 
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SUMAARY 


Exposure of adult monkeys to microwave irradiation did not result 
in any statistically significant alteration in neuronal or glial cell popula- 
tions in precentral or postcentral gyri (hand-face area), superior or middle 
temporal gyri or in visual cortex, Dosages and conditions of exposure are 
available from Dr, James MeIlwain,MAJ,MC-Chief, Behavioral Radiology Lab- 
Department of Experimental Psychology-Nalter Reed Army Institute of Research- 
Washington, D.C... ‘ 


Exposure of adult.,albino rats to microwave irradiation (about l2mv/em 
body weight) resulted in no significant alteration in the neuronal population 
{(somato-sensory of cerebral cortex, e.g. cortical*area 3), but resulted in a 
small but significant (p < .05) increase in the glial population, These ; 
results suggest that microwave irradiation in this species, at the dose levels 
employed, may stimulate immature glial ceils, known to be present in the cortex, 
to proliferate and mature, 

Teratologic alterations were observed in fetal rat brains from animals 
exposed to microvave irradiation on gestation day 13 and sacrificed on gestation 
day 19, Dosages and conditions of irradiation are available from Dr. Joseph 

arp,Department of Experimental Psychology- Walter Reed Army Institute of 
Gov ss8sscess, D.C... 


Cytokinetic experiments are underway to determine effects of microwave 


irradiation on the cell generation cycle in the primordial ependymal layer of 
the fetal cerebral hemisphere in the rat. 


the previous progress report the mean valves for neuron and glial packing 
ty in the auditory and visual areas of cerebral cortex were reported 
for 6 adult monkeys (M. mulatta} which had been exposed to microwave irradiation 
at Walter Reed Hospital, Four control monkeys vere processed in the same 
manner with the exception of the micrawave exposure, 


“We have now extended that investigation into the precentra] and postcentral 
gyri in the same brains. Techniques of tissue preparation, staining, and cell 
enumeration were the same as described in the previous report, ‘The actual. 
values, im terms 3°" number of celis per counting chamber (volume of counting 
chamber-32,000 3}, are given in table I, The mean values for each of the 20 
equally spaced, submolecular depth levels in the precentral gyrus (hand-face 
area) are given in figures 1 and 2 for neurons and glia, respectively. 


It will be observed that mean neuron packing Onsity decreased from level 
1 to level 6, then maintained about the same level throughout the deeper 
layers, In the same preparations the glia density increased from about level 
1 to 8, then maintained essentially the same levels throughout the deeper 
levels of the cortex, No significant differences were observed between the 
data from control and irradiated animals (p > .05) in either the neuron or glial 


population, 


In the postcentral gyrus (Fig. 3-4), values for neuron packing density 
were much higher than in the precentral gyrus, However, the two curves 

ared somewhat similar in that the neuron packing density decreased from the 
@ superficial levels to level 6. In the postcentral gyrus this level was 

atained to level 14, below which the packing density again decreased 
somewhat to level 20. The glial population in the postcentral gyrus increased 
from level 1 to level 12, then maintained essentially the same mean values in 
the deeper levels. The differences between the cell populations in control 
and irradiated animals in the post-central gyrus were not significant {p >. 05). 


Details of microwave irradiation exposure are available from Dr, James 
McIlwain, MAJ,MC-Chief, Behayioral Radiology Lab-Department of Experimental 
Psychology~Walter Reed Army Institute of Research-Washingtm, D.C, 
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@ _ Surmuary 


A series of experiments has been done to assess the effects’ 
of tow-level, low-frequency electronic fields on the behavior | 
and EEG of monkeys. Three monkeys were imp tanted with subcortical 
and cortical EEG electrodes and trained to press a panel on a 
fixed inieeualtinitved hold schedule, The monkeys were rewarded 
for pressing the pane] once every five seconds within @ 2.5< 
second enable period. After the animals were performing well, 
they were tested cnder low- leve] electrie fields (2.8 volts p-p); 
the voltage was applied to two large metal plates 40 cm. apart 
so thal the monkey's head was completely within the field. 

@:: frequency was set at 7 or 10 Hz, within the range of 
typical EEG recording (0-33 Hz). Four-hour daily tests of fields- 
on were randomly interspersed with four-hour runs with fields-off, 
Under the 7-Hz fields, the monkeys showed a siqnificantly faster 
interresponse time in 5 of 6 experiments. Hean difvereness 
between fields on and fields off were .4 seconds or greater. 

The 10-Hz fields did not produce a reliable effect on behavior. 
Analysis of the £EG data showed a relative peak in power at the 
frequency of the fields (10 liz and 7 H2) for the hippocampus in 
all three monkeys, Simi lar peaks were seen loess consistently in 


-the amycdala and the centre median, 


* 


© EFFECT OF LOW-LEVEL, LOW-FREQUENCY ELECTRIC FIELDS 
ON LEG AKO BENAVIOR IR BACACA NEMESTRIMA 


R.J, Gavalas, 0,0. Walter, J. Hamer, and W. Ross Adey 


* 


A series of preliminary experiments has been done in an 
attempt to determine whether or iat fons tewel electric fields 
have an effect on behavior and/or patterns of electrical sexierey 
in the brain of monkeys. 

Very few studies of this kind ‘have been done on either 


animals or man, €xperimentally produced changes in reaction time 


in humans exposed to low-level, low-frequency (less than 12 Hz) 
9 


. 


fields havebeen reported by Hamer? and Konig and Ankermuller 
Changes in human reaction time have also been observed under 
w~frequency modulated magnetic fields (Friedman, Becker and 


19 


pachnen’): Wever'? has described the modification of circadian 
periods of activity in man under wesk 10-Hz electric fields, 
It was not Known what kind of primate behavior, if any, would be 
sensitive to field effects so that selection of a suitable 
behavioral task was a first consideration, Earlier pitot st0d ies 
in this laboratory suggested that subjective time ‘estimation 
in humans was influenced by the presence of fields. tn the 
present study, we attempted to devise an analogous time estim- 
ation task suitable for use with monkeys, so that miseeneiss 
implanted deep in the brain could monitor brain electrical ac- 
. tivity throughout the experiments, {ft is known that scheduling 
@ rcinforcements for a simple lever press can alter an animal's 


ate of response, or the timing of that response, or both. In 


the present study, monkeys were trained to press a lever under 


th 


~ variatien of a fixed-interval (timing) schedule of reinforce- 
qo Under this schedule viene are no external cucs or signals 
presented to the animal; he must "time'! his responses from the 
occurrence of his own last response, “tt is a schedule which 
thas been widely employed in Bhudies oF seatea wenavice and has 
been especially useful in detecting effects of smal] dosages of 
drugs (sidnah >): ft was expected that if there were an effect 
of the fields it would be seen as a shift in the distribution 
of the monkey's interresponse times. oA i 
Other questions of research strategy arose; tt was not 
obvious what brain structures, if any, would show an effect of 
the presence of the fields. Nor was it clear what kind of 
hanges one might expect to see in the EEG--other than a possible 
q.. driving by the applied fieid--or fee to assess such 
changes. Screen: an array of seven bipolar cortical and 
subcortical ee were implanted in the first monkey. A 
slightly different array was implanted in a second monkey and 
electrode sites for the third monkey were selected on the basis 
of results from the first two. Computerized spectral analysis 
‘oF the EEG was done and same special statistical tests were 
devised to compare fields-on vs, fields-off changes in EEG. 
Low-lcsel (2.8 volts p-p) fields were used at yee pee 
quencies, bth within the range of frequencies usually evaluated 
in EEG work (9-33 42). In some of the experimental runs, 
10-H2 Fie: CCF" weed, to correspond to Hamer's earlier ex- 


nT 
8 
@ ven: Graves). to other runs, 7-Hz fields were used 


because alesse re 2 he fone of hippocampal theta (4-7 Hz), a 


; .. rar sey on » ~ 
character?! yl "Clivity of the brain that has been 


own to be important in orienting and discriminating responses 


Radulovacki and ney Walter, Rhodes and Adey 1) 


Hethods: Experimental Nestgn, Behavioral Data Analysis, and 


ECG Analysis. . eke . 
I}. Experimental Design, 

Three pigtailed macaques were implanted with cortical and 
subcortical bipolar seeenpeass. and were Sas to Foringer 
monkey chairs, They were chek bistdel eS push a panel in front 
of them on a fixed interval-dr} (differential reinforcement of 
low rates) limited hold schedule of reinforcement; (dri-h 
schedule). The animal was gradually conditioned to wait 5 seconds 
between pushes, and to push within a 2.5 second reward~enak le 

terval. If the animal pushed within the specified time 
interval, he was rewarded with a squirt of epple juice. {tf he 
pushed too early, or too late, he did not receive a reward, and 
the timer recycled to the beginning of another 5 second interval, 
‘The behavioral task was completely automated sate Todt eomadules 
manufectured by B.R.S, Electronics. The monkeys were maintained 
throughout training and experiments on a standard controlled diet 
of monkey pellets, fruit, and restricted fluids. A liquid 
reinforcer was chosen in order to eliminate chewing artifacts in 
the EEG. The animal was trained until he was performing at a 
high rate of accuracy (70-80%) sid his performance was relatively 
stable from one day to the next. All of the training was done . 

an isolated and sound-proofed booth. Task electronics and 

recording apparatus were in an outer room and the monkey's 


behavior was continuously monitored on closed-circuit TV, 


ky 


* 


pees; Atte the animal was performing well; his behavioral records 

é... a 2h-hour period were examined to determine periods 
of free responding during the day, and a four-hour segment of 
time was selected for scheduling daily experimental runs. The 
low-level (2.8 volts p-p), low=tréqubaey Fields were administered 
by applying the voltage to two larger mete) plates, 40 cm. apart, 
which were fastened to the monkey's chair so that the head of 
the animal was completely within the fields. cour eoule daily 
tests with the fields on were randomly interspersed with four- 
hour daily control runs without eee eis. A total of twenty 
‘such tests were done on the three well-trained monkeys. At] 
monkeys were given two tests with 7-Hz fields and two comparable 
control tests without fields. Two of the three monkeys were 

@... given two tests with 10-Hz fields and two control runs 
without the fields. EEG and behavioral data were continuously 
monitored throughout all runs. In addition, EEG was monitored 


in one monkey during two four-hour nonperformance runs (7-Hz 


~fields-on and fields-off) before he wes trained to the drl-h task. 


[1]. Data Analysis of Behavioral Changes. 
Interresponse time data (IRTs) were collected by the computer 
for each experimental run; each respanse of the animal was 
tallied as a function of time elapsed since the immediately pre- 
| ceding response, Two-tenths of .a second bin widths were used; 
144 bins were counted and interresponse times greater than that 
r tallicd as 144% (28.8 seconds). Mean and standard devia- 


tions were calculated for each four-hour run, and t tests were 


used to compare IRT, distributions for experimental runs and 


1. 


Sa) 


@" paweopriate matched control runs, 
Hil. Data Analysis of EEG Changes: Spectral {ntensity, 
Coherence, Discriminant Analysis. 
EEG data was continuously recorded on a Grass polygraph 
and an Ampex analog tape recorder, [In the first monkey (J.) 
EEG was recorded from ite left hippocampus, right hippocampus, 
right amygdala, s@abastetneeiuler formation, right visual cortex, 
left visual cortex and motor ree in the second monkey (2) 
EEG was monitored from the right hippocampus, left hippocampus, 
left centre median, right visual cortex, and right sanedater 
{in the third monkey (A,} records were taken of the electrical 
activity of the ihe Rigesanee, left hippocampus, right 
@:: median, left centre median, right amygdala, and left 
amygdala, 

Four sets of EEG data from comparable epochs from each 
day's run were selected for computer analysis, A set of pone 
(ice., properly timed) responses wes selected from the begin- 
ning of the run and a second set from the end of the run; 
similarly, a set of predominantly incorrect reshonees was sampled 
from the beginning of the run and a comparable set from the end 
of the run. Each epoch was approximately 80 seconds in Jength. 
These epochs were spectrally analyzed fn consecutive 10-second 
samples and then averaged over the total €0 seconds. 

The selected data epochs were converted to digital form 

the SDS $30 computer system of this laboratory and spectral 
@.. of this data was performed, using the BM9X92 program 


and the 18M 360/91 computer of the Health Sciences Computing 


Foci tity. Spectral resolution was set at 2 Hz over the range 
@... Hz for sire purposes, ee and coherences (Walter, 
Rhodes, Brown and adey 'y were sueeaaed for each structure, 
within condition, and plotted; spectra were converted before 
plotting to relative units (by dividing by the total fnecacems 
in that structure in that condition) in order to compensate for 
dapetdedey variations in total intensity; the result is called 
“"percent power! at each frequency. 
Spectral Intensity. A specialized statistical test for 
the effect of the imposed field on recorded activity was devised 
as follows. In the frequencies from 4-20 Hz, at least, the 
spectra were close to exponential in shape, in the ebsence of 
fields, If this were Suseely true, the logarithm of the spectra! 
rve would be a linear function of frequency, over this range. 
Then any activity contributed by the field would be above the 
line containing those points not at the field frequency (dr its 
harmonics}. Accordingly, we tabulated the statistic (peak 
quotient") for the 10 Hz field. i 
og. (S 9) ~1/2 Log (8,5) + log, (Sg) 
When the field was at 7 Hz, more care yaa oceuuiced: The 7-H2 
signal appeared both in the filter band centered at 6 Hz and 
(to a lesser extent) in that centered at 8 Hz, We chose to test 
only the value ot 6 Hz, and to compare it with the line based 
on 4 Hz and 10 Hz; thus, the peak quotient for the 7-H2 field 
became 
@ log, (S,) - (2/3 log (S,) + 1/3 log (S44) 
The spectral estimates have a sampling distribution like 


chi Jet with d.f. calculated by the program (according to 


sew 


one adapted from Blackman and Tukey) as approximately 200 
6. our case, Thus, the notural logarithm of a single spectral 
intensity has gn approximately normal distribution, with 
variance 2/d.f., and a coefficient of skewness of ~0.1 (Abramowitz 
and Suan i. Our peak quotient statistic, then, is close to 
normally distributed with variance ,O1. Its response to’ ap- 
plication of the field in the two experiments for each animal 
could be tested by the t-statistic, with the two fields-of f 
values providing the mean corresponding to the null hypothesis 
of no effect of the field. 7 

Coherence, An additional parameter calculated by the 
spectral analysis program is the coherence between the imposed 
field and the activity in each structure, as well as betveen 

he brain structures themselves. {t is essentially analegous 

to the squered coefficient of correlation, and hence, a measure 

to the linear predictability between the two wave ferns; taking 
into account spectral intensity, frequency and phase lag. 
Although the purity of the imposed sinusoidal field invalidates 

the usual distributional assumptions ab ole the coherence statistic, 
we felt these results might be suggestive, 

Discriminant Analysis, ‘Jn seeking for less obvious field 
effects, we applied step-wise discriminant analysis (Anderson*, 
rao! to spectral and cross-spectral parameters, with the | 
exclusion of ‘the frequency band containing the field frequency, 
er else of that band and all bands containing any harmonics of 

at frequency. Applications of this computer program, Discan 


g . * 
{based on BHD O7M, Dixon?) to spectral analysis of EEGs have 


, 8 

©... described previously (Walter, Rhodes and jidey Rhodes, 
12 7 | 

Walter and Adey Hanley, Walter, Rhodes and Adey”: Berkhout, 


Adey and Esnpesue). 


Results . cubed 
Behavioral data. Consistent differences in interresponse 


time distributions were observed in the 7-Hz experiments... The 
10-Hz field condition Failed to produce a reliable effect on 
the behavior. For one animal (Z.) the mean interresponse time 
was unchanged by the 10-Hz field; responses were slightly 
faster (but not significantly so) in the replication. In animal 
J., interresponse times were faster in the first l0-Hz exper- 
, and slower in the second, 
Under the 7-Hz condition, however, rather large and con- 
Sictant differences were observed in all animals. Animal 7, 
showed a shift-in mean interresponse time toward shorter IPT; 
the difference was approximately one-half second in the First 
“exper imental-contro} run, This finding was replicated tn a 
second experiment {See figure 1) snd: fhesé differences were 
highly significant statistically (p = .0) or better). tn 
general], the whold distribution was shifted towards faster 
responses, while overall number of responses did not increase 
or decrease consistently. For the second animal (J.), the IRT 
méan shifted-significantly in the direction of faster responses 
in the first experiment; however, this difference was not repti- 
@.... in the second experiment, The third animal (A.), like 
the first, shawed a shift cn the direction of faster responses 


under the J-Hz field. This difference was statistically significant 


So 


eo was replicated in the second experiment. Percent of correct 
responses (those falling between 5 and 7.5 seconds) did not 
div fer sigateiesatly tinder fields-on conditions for monkeys 
od. and Z, monkey A,, who had a large number of very, long IRTs 
_ in the fields-of f condition, showed gains of 16%, correct end 
21% correct when the ficids were on, In summery, five of the 
six experimenis showed a shift to significantly fester inter- 
Ges pose times under the 7-Hz fields compared with fields-off 
darronnance: All of these mean differences were .4 seconds or 
greater, Shifts in modal values also ree in al] § excar ments 
and were all .2 seconds or greater. The distributions and means 
for ell monkeys are shown in Figure 1, It may be observed that 
e overall! output of respenses and the variability of those 
, differs considerably from monkey to monkey. Never~ 
theless, the direction of the mean shift under the fields is 
remarkably consistent and the size of the shift is relatively 
large, 

EEG data: Visual inspection of the EEG data during the 
experiments did not reveal any marked cthects due to the fields. 
An examination of the percent power graphs, however, revealed 
smal] peaks in power from some brain structures at the fields 
frequency, for cpochs of predominantly incorrect responses near 
the end of the run. A sample of EEG data and percent power 
graphs js shown in Figure 2, 

Peak quoticnts {as described in the methods section) were 

@....: via t-tests for these epochs in ficlds-on versus fields- 
off conditions, fer each animal and for each sanueeuee: (Sce 


Figure 3), In the first animal (J,), significent differences 


+ 


eo observed in the left hippocampus, the right hippocampus and 
the right amygdala for both the 7-Hz end the 10-Hiz condition, 
“In die third animat (A.), 7~Hz fields only were tested. pirGeeences 
at the .01 level or better were observed in right hippocampus, 
left hippocampus, and left centre median. EEG Se oe also 
evaluated for this animal while he was sitting quietly and before 
he had been trained to do thé dri-h task. Differences in peak 
quotients for 7-H2z fields~on vs. flelds-of f were observed in 
four of six cp Naan tested; right hippocampus, right centre 
median, left hippocampus, and left amygdala, | 
Coherence measures ee the J-Hz sinusoidal wave form 
and the responsive EEG structures were always higher for the 
ae condition than for the fields-off condition. Sample 
measures are shown In Figure be Coherences between responsive 
brain structures did not reveal a consistent pattern of change. 
Ro effects on EEG at non-field frequencies were visually 
noticeable, but the discriminant analysis program Discan (see 
‘Methods) was epplied to the data of one animal (J.), and iden- 
tified strong driving {increased intensity and increased co- 
herences) at harmonics of the field Peequcney Although such 
harmonic response is perfectly compatible with biological trans~_ 
duction (Walter and Riey Van der Tweel and VerduynLunel '?), 
“it does not exclude artifactual transduction, Further appli- 
cation of Discan, this time excluding atl bands containing any 
harmonics of the field frequency, still showed a clear discrim- 
ability of fields-on from fields-off EEGs, principally in that 
intensity was raised in the ficids-on condition, even in non- 


* 


harmonic frequency bands, 


Discussion, the behavioral results suggest that imposing 
@ J-Hz field on the performing animal resulted in shorter 
interresponse times. Results with lO-Hz fields were not re- 
liable. Experimental/control differences for the 7-Hz runs 
were statistically significant for five of six experiments, and 
these differences could be observed in all three monkeys. in 
spite of large differences in total output of responses from 


* 


monkey to monkey, the shift in interresponse times was very 


consistent (towards faster responses) and rather large (.4 
seconds or greater). 7 
Increases in EEG intensity (peak quotients) at the frequency 
of the fields were observed in all three animals in the hip~ 
pocampus, end less consistently in the amygdala end centre 
@-:=. These differences were observed both in the 7~Hz and 
}O~Hz conditions. CGherences between the sine wave and responsive 
brain structure at the fields frequency were always higher in 
the Fields-on condition, 
The analysis of the EEG data presents special problems, 
The difficulty of isolating effects siceielagiest transduction 
from those of transduction at the clectrode/tissue~fluid 
interface is considerable, being almost parallel to the impos- 
sible question of "what the tree looks like when no one is looking 
at it."' Nevertheless, the discriminant analysis program has 
provided preliminary euidetes of subtle EEG changes at non-field 
frequencies that cannot be casily explained as electrode/tissue 
eo" 
The concordance of evidence for a fields eons on behavior 


and on electrical activity of the brain is encouraging. We 


a “s 12 


‘intend to pursue additional demonstrations of these same kinds 
a as wet as others. One new technique to be applied is a 

& frequency "sweep" from 5 to 20 Hz, with enough time spent at 
each frequency to allow coherence estimates to be reliably made 
theta: our prediction is that, as occurred with who lebody 
vibration in the monkey (Walter and Mey, and as ee to 
occur with sinusoidally modulated light stimulation in the human 
(van der Twee) and verduyntune '>) ehere Will be a band of in- 
coherent driving. [tt may even be possible to establish some 


specific non-linear model, along the lines successfully pursued 


by Sodieetice for the visual system, 
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FIGURES 


Behavioral data showing shifts in interresponse 

time under 7-Hz fields, The abcissa- shows tine between 
responses in .2 sec. bins; the ordinete Sows per- 
cent of total responses at each interval, Giote 

that only bins 15-45 are plotted; bins 0-144 were 

used in calculation of means and standard deviations), 
Sample records of EEG and percent power araahe 


before conversion to peak quotients, 
q 


Significance levels for EEG peak quotients: fields- 


on vs. fields-off. 
Sample records of EEG and 7Hz sinusoidal wave form 


with corresponding coherence tables. 
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ALLIS O RESEARCH ASSOCIATE. 


VIRGINIA ROAD, CONCORD, MASSACHUSETTS OVFaa, THL. (677. 


15 February 1969 
Document No. 9G61-2 


Director 
Advanced Research Projects Agency 
Washington, D. C. 20301 


Reference: 

ARPA Order Number: 791 

Program Code Number: 8M190 

Name of Contractor: Allied Research Associates, Inc., Concord, Mass. 

Date of Contract: 1 August 1968 

Amount of Contract: $53, 899. 00 i 

Contract Number! DADAI7-69-C-9021 emtee 

Principal Investigator: J. Healer 

Contract Expiration Date: 31 June 1969 

Short Title of Work: Review, Analysis, and Classification of Litera - 
ture on the Biological Effects of Microwave 
Radiation 

Gentlemen: 


This letter report is a resume of work performed during the second three 
months of the referenced contract. 


Information Base - Source Material ‘ 
During this period a continuous search, acquisition and review of pertinent 
foreign and domestic material on biological effects of radio-frequency radia - 
tion has been carried out. Approximately 700 relevant decuments have been 
identified. Bibliographic cards have been prepared for most of these, and 
those items currently available in this country have been acquired. An 
unedited preliminary bibliography covering new material added to the system 
is included as an Appendix to this report. 


Approximately 50 requests from Allied Research for information, abstracts 
and/or translations of foreign reports, and original language sources have 


been processed in this period by the Aerospace Technology Division of the 
Library of Congress. 


Preparation and Revision of Data Sheets 


New data sheets are being continuously prepared, with a total of about 135 
completed to date. An additional bioscientist has been recently added to the 
project staff, in order to facilitate an accelerated rate of data sheet prepara- 
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tion and information processing during the remainder of the cantract period. 


Sixty-two sets of completed data sheets and associated source documents 
have been forwarded to the contract monitor during this period. 


Application of Data System 


While as yet not enough material has been fully processed to enable use of 
the data collection acquired under this contract in its desired final automated 
form, the information assembled to date, including reports, preliminary 
computer printouts of bibliographic listings and completed data sheets, has 
proved exceedingly useful in meeting various requests for information from 
the project's technical monitor and from other concerned military and 
civilian activities. 


Data System Plans 


During the next quarterly period it is intended to accelerate the rate of 
effort on this project, including more rapid processing of information, 
preparation of data sheets, and preparation of data cards and citation-index 
cards. Selected data cards will be prepared to serve as a model for pre- 


_ liminary testing of the data system. 
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APPENDIX 


Bibliographic Listing 
The following listing is a preliminary unedited printout of bibliographic 
information from foreign and domestic articles, books, and reports dealing 
with the subject of biological effects of radio-frequency radiation, which 
has been prepared under the subject contract. This listing consists of 
entries supplementary to the bibliography on this subject prepared under 
the preceding contract (ARA Document No. 319-3-1). It is a working copy 
only and has been included as a convenience to potential users in order to 
make the information available as soon as possible. No items from the 
previous bibliography are repeated here. 


This working bibliography has been printed automatically from punched 
cards. Each reference bears the document number assigned to it for 
retrival and identification purposes. References are arranged in alphabeti- 
cal order according to the name of the first-listed author, then in order of 
year of publication, and then alphabetically by second author. Each refer- 
ence contains complete bibliographic information in a format which departs 
from conventional reference form as follows: 


The format is similar for each type of reference. In the case of journal 
articles, the first line includes the name of the first-listed author and the 
journal information. The journal title appears as a four-letter code. It is 
followed by a series of digits separated by commas. The first three digits 
indicate the volume, the next two are the issue number, and the following 
four digits are the page number. The page numbertis followed by the last 
two digits of the year with no intermediate separation or punctuation. 
Following the year of publication is a separate notation of total number of 
pages. The second line of the rererence contains co-author's ea if 
any, followed by the article title. 


For books, the first line of each reference retains the form previously 
described with only minor variations. The word BOOK appears in the posi- 
tion allocated to the four-letter journal code and zeros fill the field where 
volume, number, and page are found in the article references. The year 

of publication is given by the last two digits of the digit series. The second 
line contains co-author's name(s), if any. These are followed by the title 
and publisher. 


Reports follow roughly the same format as books. The code REPT replaces 
BOOK. 


Sections of books are identified by the code SECT and a page number cee 
appear in the digit string as well as a the year. 

In addition, a separate line with one or more four-digit numbers occurs 
after many of the references. These number codes represent the affiliations 
of the authors. Where several authors of an article have different affilia- 
tions, the corresponding affiliation codes are presented in the order of the 
author listing, separated by commas for different authors. Foreign litera- 
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e@ ture references and all reports have one additional line which consists of 
English translation source(s) and availability information in the case of 


foreign material, and report identification numbers in the case of reports. 


Conversions of the four-letter journal codes and of the four-digit author 
2 affiliation codes are presented at the end of this bibliography. 
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7 "EFFECTS OF LOW - LEVEL MICROWAVE IRRACIATION ON 
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A number of Soviet studies have reported that low-level 
microwave irradiation, at or below 10 m¥/cm*, alters the heart 

rate of humans end animals. In one of the hest controlled and smost 
fully reported of these studies, Presman and Levitinal trradiated 
various parts of the body of rabbits with continuous microwaves 

at intensities of 7 to 12 mv/em?, The lersest effect observed 

Was an increase in heart rate during and after trradiation ; 
of the dorsal aspect of the head. The next largest effect was a 
decrease in rate during and after irradiation of the whole ventral 
surface of the body. Smaller chanzes in rate accompanied irradia 
tion of the back, of the total dorsal EUEEALes of the ventral aspect 
of the head, and of the abdomen, 


‘The purpose of the present study was to replicate the procedure 
used by Presnan and Levitina for dorsal irradiation of the head, 
in order to co.lect enough additional duta either to confirm their 
results or to establish that the differences in heart rate are a 


manifestation of variability rather than a consequence of irradiation, 
Method 


Subjects The subjects were 12 albino male rabbits weighing 2.0 to 
0 Kz, 


Aponretus Microwave power vas obtained from a CY, air-cooled megnetren 
With an output of 1.3 KW, an anode voltase of 2 KV, and an operating 
frequency of 2.409 GHz (A= 22.5 em). This tube, manufactured by 
Deutsche Mikrowellen Gesellschaft, exhibited exceptional stability 
during the exposures. Fower from the tube was conducted throush 

BR wavezuide to the irradiating horn (Fis. 1). Most of the magnetron 
output was dissipated in a high-power load, and only about 10% was 
used to irradiate the animal, 


The microwave horn was placed in an anechoic chamber with its 
Main lobe directed downward, so that the animal was irradiated from 


2 A.S. Presman and N. A. Levitina, ae Eksp. Biol. Med. § 


3, No. 1 
hi-b4 (1962); Engl. Transl., Bull. E-ptl. Biol. Ned. 53, 36-39 : 
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Pig. 1. Schematic diagram of the apparatus, 
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above, The hornts aperture was 7 31 in. by 5 7? in., its axial 
; 45 8 


length was 15 in., snd its estimated power gain was 19,54, The - 
animal's head was 29 in. from the horn. This distance was 
Well within the far-field region, which besean at about 12.9 in. 
from the horn. From the estimated gain of the horn, it was 
calculated that a total of 35 WV lenving the horn produced the 

_ Measured power density of 10 m¥/en* in the vicinity of the 

_ animalts head, 


The power density was measured with a Ramcor 12506 A densitometer 
with a calibrated low-gain rectangular horn antenna. A Hewlett 
Packard Nodel 431-B power-meter was connected to the waveguide to 
monitor the power during irradiation. The pover-meter readings 
corresponding io 10 myu/om* at the animal's head was determined 
and used for setting the magnetron anode current. This calibration 
procedure was conducted with the cage and animal not present in 
the anechoic chamber, It was observed that the region of uniform 
power density was sufficiently large that considerable variation 
in the placement of the cage would still give the same power 
density. 


The anechoic chamber had interior 2imensions of 40‘in. by 4O in, 
y 64 in., and was lined with type CV-4 microwave absoroer panels 
“manufactured by Emerson-Cuming., This material is rated to have 
‘|reflections less than 20 db below the incident power level at 
'2,0 GHz; at 2,4 GHz the reflection is even lower. A plate of this 
material was used to shield the animal's back during irradiation of 
its head, 


Procedure The rabbit was restrained in a wooden box, which was 
placed below the horn antenna in the anechoic chamber. Needle 
electrodes were inserted for EXG recording. After the animal nod 
been in position for 15 min., its EXG was recorded once cach minxte 
for 10 min. before the onset of irradiation, Then the rabbit's 
head was irradiated from above with continuous 12.5 em microwaves at 
& power density of 10 mr/em* for 20 min. During irradiation the 
EKG was recorded every 2 min, After the power was turned off, the 
EKG was recorded every minute for 10 min. Each EKG trace was re- 
corded for a 20 sec duration, Exactly the same procedure was 
followed during the control sessions, except that the animal 

vas not irradiated. Each animal was irradiated twice and served 

as a control twice: once before and once after irradiation, 


@ 


Chanses in heart rate were calenlated in the manner deseribed 
by Presman and Levitina as follous: (u)For eacn trace recorded 
during and after irradiation, the deviation from the mean heart 
rote before irrediation was enleculated. (b)The corresponding 
deviations were calculated for the data from the control sessions, 
(c)The relative chance in rate for ench xvecording period was obtained 
by subtracting the nean deviation for the control condition fro: 
the-corresponding deviation for the irradiation condition, 
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Fach of the three graphs in P 
in heart rate between eight irra 
sessions, The results for the f 
show a reletive increase in hear 


Results 


iz. 2 represent the mean differences 
diation sessions and eight control 
trst four rabbits that were exposed 
t rate both durinz and after irradi- 
etion. The avectace data for the next foir rabbits show a decreas 
@uring the first 10 min of qrradiation and no consistent chanse 
thereafter. The last four animals exhibited a decrease during the 
first 8 min followed by an increase over the last 18 min of the 
session. All 12 animals received the same dorsal irradiation of the 
head, and the division into three grouvs is entirely arbitrary. 


The averace results for all 12 animals are summarized in Fig. 3. 
e dots represent the data of the presene experiment, based on 


24 irradiation and 24 control sessions, A small decrease in 

heart vate during che. finat oO min was followed by a larser increase 

| over the remaining 22 min. The crosses in Fig. 3 indicate the results 
lof Presman and Levitina, based on 16 irredietion and 16 control 
itriels with 8 rabbits, The relative chanze in heart rate was 

i generally positive, and this tnerease was both larger and more 
variable than the results in our experinent, 


Table 1 lists the mean number of beats per 20 sec during 

Siccessive 10 min vertois of the control and the irradiation 
.sessions. The animals were trradiated during the middle 20 win 
h entry in the table is based 


of the irradiation condition. SAC 
on the results of 2% sessions. Heart rate was highest during 


the first 10 min of both conditions and generailly decreesed 
over time. Tne analysis of variance summarized in Table 2 

shows that the varintion over time was statistically siznificant, 
as were individual differences and the interaction between radi- 
ation and tine. The difference between irradiation and control 
conditions, hotviever, “as generally less than 2 beats per 20 sec, 
and this difference was not statistically significant, 
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Fig. 2, Relative change in heart rate of rabbits irradiated 
on the dorsal aspect of the head with continuous microwaves 

of 12,5 cm wavelensth at 10 mw/em*, Each point represents 

the mean difference between 8 exposures and 38 control sessions. 
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Pig. 3. Relative change in heart rate of rabbits irradiated 
on the dorsal aspect of the head with continuous microwaves 
of 12.5 om wavelength at 10 mwfon*. Each dot represents the 
mean difference between 24 exposures and 24 control sessions 
of the present experiment. The crosses represent tho results 
of Presman and Levitina based on 16 exposures and 16 controls. 


Table 1 
Mean Number of Beats per 20 See 
AYst 10 min 2nd 10 min 3rd 10 min hth 10 min 


Control . 63.94 63.79 61.73 61.95 
Irradiation 63.56 63.31 63.34 62.83 


Table 2 


Analysis of Variance 


Source of Variation ss cf NS [ee 

Rediation 7.80 az 7.80 <i 
Time 69.07 3 23.02 72.99% 
Subjects 10,507.23 11 955,20 25.04% 
Bx Tt . 36.89 3 12.23 b 66+ 
Rx 5S 123,96 1l 10,36 <i 

Tx S 95,12 33 2.88 gi 

Rx tx 5S 86.93 33 2.64 <1 
Error 3,661.43 96 38.14 


*® Significant at the .01 level 


Presman and Levitina devised the ratio K, which they called the 
co-efficient of the chronotropic effect, to describe the effect of 
idrradiation on heart rate, 


100 + my 
nett 
100 + mg 


where my and mg are the respective changes in the percentace of 


tases with rates increased or decreased from the control values, 
An increase in rate is indicated by K>1, and a decrease by K < 1, 
neir results for dorsal irradiation of the head were K = 1,3 
@:: irradiation, and K = 1,42 after irradiation, The present 
esults were K: = .84 during irradiation and K = 1,19 after 
irradiation, 
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Discussion 


Tnere were six conditions in the exveriment of Presman oan 
Levitina,.in each of which a different part of tne body was 
{rradiated., One condition (dorsal aspect of the head) produced . 
a relative increase in heart rate during and after irradiation, 
Another condition (whole ventral surface) showed a decrease during 
and after irradiation, The other four conditions were accompanied 
by smaller and less consistent changes in rate. The results of 

; the present experiment susgest that such effects are due to chance 
variation from one set of trials to another. 


Tne variation from one sample to another under the same conditio 
of radiation isc illustrated in Fig. 2. One set of data shows an 
a4nerease in relative heart rate; another shows a decrease followed 
by no consistent change; the third, a decrease followed by an 
increase, When these bes e sets of data were ayerazed, as in Pic. 


hange in heart rate became smaller, The larzest chanse in the 
jeraged data is about 2 beats per 20 sec, which is only 3 % of the 
veraze heart rate of 63 beats per 20 sec. 
It is our tentative conclusion that the chanses in heart rate 
-| that Presman and Levitina attributed to irradiation of different 
parts of the body were simply due to the variation from one small 
:-Sample of trials to another, We are still collecting data on the 
-effect of dorsal irradiation of the head at 10 wit/em?, If the 
effect continues to approach zero as our sample size increases, 
‘this conclusion will be confirmed, 


Future Research 


We plan to run four more rabbits under the conditions of the 
present experiment. If we still observe no effect of radiation 
‘eat 10 mi/em”, we shall proceed to higher power densities, in 
order to determine the minimum levels at which effects are 
observable. 


We are presently developing procedures for recording body 
temperature and respiration rate, simultaneously with heart 
rate, while the anitmsl is frradiated. Temperature will te 
recorded with a needle thermistor probe inserted subcutaneously 

ust outside the area that is irradiated. Respiration rate will 
recorded by means of a sensor that detects chanres in chest 
reumference. We anticipate that these recording procedures 


the variability from minute to minute became less, and the relative 


ns 
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should be standardized by 1 September 1969, whereupon we shall 
becin a sertes cf exnosures to determine irracdiation thresholds 


for all three indicators, 


The first power density in the series will be 100 mi/em”, a 
level wnich should vroduce evidence of tnermal stress, such as 
hyperventilation or hypertnermia. On subsequent exposures we ; 
shall decrease the power level until no effect is produced, 1.e.,- 
until] heart rate, resviration rate and temperature are the same 
Guring irradiation as during the control sessions. If respiration 
‘or temperature is affected at lower power levels than heart 
rate, that would constitute further evidence axzainst the thesis 
that low-power microwave fields produce nonethermal effects on 
cardiac activity via direct action on the central nervous 
systen, 
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APPENDIX I 


ars 


of fiaw Data 


Numher of Renate nav 29 Seo, 


RABBIT i 
is 2 
c z ¢C 
' 60 63 62 62 
57 6% 53 52 
59 $8 §1 53 
56 58 51 56 
60 57 56 59 
59 5h 57 5h 
55 57? §1 56 
55 57 65°53 
56 57 55 58 
55 60 56 58 
68 62 62 63 
54 62 §9 58 
5. 64 59 53 
61 61 53 56 
58 61 50 56 
54 62 «52 64 
Ba RS 
56 60 57 63 
55 57 55 62 
63 62 60 59 
64 59 59 58 
55 58 58 56 
58 63 «56 5% 
57 61 58 58 
5&4 56 56 53 
57 63 §3 54 
57 59 53 54 
57 60 56 56 
60 58 54 53 
C=Control 
R=Radiation 


RABBIT 
1 

c¢ R ¢ 
64 63 5h 
65 61 58 
63 56 58 
63 59 62 
63 58 60 
61 59 62 
62 61 69 
64 62 60 
68 64 60 
66 60 §8 
65 63 59 
63 64 64 
60 60 60 
62 60 58 
63 63 = 57 
58 67 858 
56 64 57 
55.42. «57 
6277 56 
60 66 64 
63 67 6% 
61 74% 68 
s6 65 67 
59 60 «63 
58 64 62 

9 63 61 
2% 63 (62 
62 62 62 
64 65 60 
60 61 60 
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' RABBIT 3 
? 

Rk ¢ 8&8 
oe 
3 5 
61 61 60 
61 62 62 
64 62 60 
63 62 62 
62 62 62 
62 612 60 
62 61 61 
61 62 60 
60 ~=—s- 61: «62 
60 8662 62 
60 59 62 
59 ©8662 62 
60 =62 63 
60 60 62 
60 69 61 
61 58 61 
62 58 61 
6l 59 62 
59 61 64 
63 60 64 
ie 59 a 
~ 59 60 

2 23 61 
62 58 62 
"60 58 62 
60 58 59 
58 3-558 +62 
60 58 59 


RABBIT 

1 2 
c R ¢ &R 
59 5? 59 50 
57 59 = «56 es 
5? 61 = 49-8 
62 58 56 55 
60 58 = 57 49 
59 69 57 62 

759 57 86 
56 59 = 555 59 
§8 59 §7 59 
58 62 57 56 
§2 59 61 56 
54 62 61 53 
5 23 §3 Pe 
2 62 7 49 
= 62 Al 61. 
5% 61 5h 5h 
57 61 54 54 
52 60 55 55 
55 60 52 45 
57 62 §6 56 
§5 59 55 56 
53 58 52.56 
55.50: ~5075 
56 60 bu 5 
52 59 61 6 
52 60 64 5 
54 5B 858 5 
57 60 §=6§8 5 
57 60 51 5 
56 58 48 6 
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“Number of Beats per 20 Sec. 


-_ RABBIT § RABBIT 6° =: RABBIT? 
2 le ee 


te 
“a 
pew 
eo» 


2 2 58 64 66 -40 40 57 64 75 £=8O 7 74 
62 58 64 65 ho ko 457 62. 74 78 72 74 
i5 65 57 64 66 4h ko 57 60 74 79 68.74 
i6 62 58 65 70 4&3 38 58 65 74 76 71 8d 
17 62 60 67 6? 4&3 38 #58 62 75 75 70 73 
} 60 58 64 66 41 46 57 66 80 7H 72 75 
19 61 60 646 4&2 ho 63 62 76 7% 67 92 
re) 64 59 68 64 hp 4& 6163 #71 #72 #468 70 


@ ononecer 


R=nadiation 


il 


RABBIT 8 
Bat 
R ¢ R 
68 62 63 
68 6% 62 
70 62 60 
71 63 60 
68 _ 63 62 
69 6% 62 
65 6&6 60 
72 65 62 
71 ©6064 58 
78 62 62 
72 69 63 
91 #66 61 
69 65 62 
70 «8669 62 
68 66 62 
70 8662 62 
69 61 62 
69 63 64 
68 61 62 
70 8660 59 
68 57 53 
68 62 61 - 
68 57 60 
68 57 60 
69 56 61 
69 58 60 
70 ~©=6 8 «62 
69 56 61 
71 64 64 
70 0=—s« 61s «65 
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Number of Bents ver 20 Sec, 


RABBIT. 9. RABBIT 20. _ RABBIT LL RABBIT 22 
2 i 2 3 Lae Bs 2 


iQ] 
Toa 
re 
ee) 
10 
ho 
° 
Es 
a 
DO 
oO 
He 
of 
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1 76 78 76 76 80:75 737 60 69 56 Kh 64 59 864 64 
2 Te ao (45 73 80 75 7% 78 58 6 55 Wh 63 59 65 68 
2 80 80 74 73 29°72 «#72 76 62 64 56 kb 64 63 59 67 
78 80 7h? 075 72 76 62 60 613 &3 62 6 59 62 

5 77°77 717 81 84 72 78 62 61 58 52 62 62 6% 66 
eb 78 72 «975 76 80 68 72 77 % 6h 58 46 59 64 62 68 
yj 76 72 #69 77 79 7h 9h 78 58 62 §& 54 57 60) = 64 6B 
8 77 70 7% 27 79:72 «74 76 59 67 54 40 58 52 58 5h 
'§ 80 76 73 68 79 75 74 77 «+69 60 52 42 61 59 = 5? 64 
0 83 72 70 77 73.74 7h 76 60 68 §2 42 62 60 60 65 


é 73°77 «76 7 o8 7 7175 «957 6% 8443 5660 63 64 
8 72°73 76 73 77°73 «92 7%: «3950 64 =k AS 59 68 860 64% 
0 77 79 «69°73 73 76 72 «467 74 61 61 4&1 41 57 59 = 58 58 
1 382 72 74 78 72 «468 74% 61 6% 4&1 he 57 58 62 66 
2 ie 78 92 72 77:72 «+69 74 60 63 42 42 55 57 62 64 
3 2177 #270 70 78 70 76 74 56 63 «43 41 68 58 62 70 
h 69 75 68 76 78 72 75 72 60 62 «40 6 59 56 61 65 
5 69 76 75 Pt 79 70 71.72 60 62 4B 4&5 62 56 62 68 
6 66 76 69 72 80 71 70 72 59 60 46 50 63 59 64% 67 
7 76 ty 71 67 76 70 72 92 60 62 46 42 58 60 62 69 
3 76 76 65 74 76 76 70 73 61 60 = RBs KG 64 60 64 65 
? 79 96 69°77 76 7% 68 71 61 58 8B hy 64 64 64 69 
) 80 78 70 76 76795 66 71 64 62 38 38 64 66 60 63 
=Control 
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ABSTRACT 


This report describes the operational procedure for the Project 
Pandora microwave test facility. It is intended primarily for non- 
microwave oriented technical personnel to enable them to operate the 
facility with a minimum of training. Included is the Turn-On, Turn- 
Off Procedure, the procedure for measuring transmitted power and power 


density, and a description of the power monitors. 
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I. INTRODUCTION 


This report describes the operational procedure for the 
Project Pandora microwave test facility. It is intended pri- 
marily for non-microwave oriented technical personnel, to 
enable them to operate the facility with a minimum of training. 
Section II of this report delineates the basic turn-on, turn-off 
procedure for the equipment. Section III describes the procedure 
for determining which of the "add-on" sections of the expandable 
conical horn to use, and the power requirements for a desired 
power density.. Section IV describes the power monitors in the 
microwave anechoic chamber. 

The microwave equipment for Project Pandora is assembled in 
the four equipment racks illustrated in figure 1. Rack No. 1 

@ contains the Spectrum Analyzer R.F. and Display sections. Rack 
No. 2 contains the auxiliary low-power microwave generation and 
modulation equipment. | The equipment in this rack is not inter- 
connected (nor is the spectrum analyzer). Rack No. 3 contains 
the primary low power microwave generation and modulation equip- 
ment, and the necessary monitoring and recording equipment. Rack 
No. 4 contains the high power microwave amplifier and power sup- 
plies. The interconnection of these two racks, with the "expandable 
horn" transmitting antenna in the anechoic chamber, is shown in 
figure 2 which is a functional block diagram of the microwave sys- 


tem. 


Il. EQUIPMENT OPERATION 
The following instructions pertain to the operation of the 
equipment assembled in equipment racks 3 and 4 with reference to 
figures 1 and 2. 
: Note: For operation of the various individual pieces of 
@ equipment, refer to the manufacturers’ operation 


manuals which are available at the test facility. 
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A. Preliminary Turn On Procedure ‘a : 
Note: Connect the proper transmitting horn section for 


the required frequency and power density as outlined 


in Section ITI of this procedure. 


se Equipment ‘Rack Number 4 oy 


a. 


Turn on water supply. , Pressure should be between 
15 and 50 psi. / 


Turn on low voltage A.C. power supply. Set Heater 
Voltage to 6.3 volts. 


Turn on D.C. power supply (solenoid power). Set 
to 33 volts. 


Note: Under no circumstances should the solenoid 
be operated without water cooling or perma- 
nent damage will result. If the over current 
light is energized, the door interlock is 
open or there is insufficient water pressure 


or solenoid current. 


Set the Cathode Voltage switch on the high voltage 
power supply to the Burn-in position and turn on the 


high voltage. 


Note: There is a 3 minute delay before the high 


voltage comes on, Allow 15 minutes warm-up. 


2. Equipment Rack Number 3 


a. 


b. 


Turn on A.C. power to rack number 3. 


Turn the Grid Control on the Alfred 5-6868, 10 watt 
TWI amplifier to -250 volts. Turn Helix Control 
completely CCW, 


Turn HP692C Sweep Oscillator to Standby position. 


Turn on power to all equipment, allow 15 minute 


warm-up. 
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e. Zero all HP431C power meters. For maximum ac-" 


curacy, the power meters should be "re-zeroed" 
periodically. Refer to the HP431C instruction 


manual. 


£. Turn Sweep Oscillator Output Attenuator and TWT 
Output Attenuator completely CW (max. attenuation). 


g. Set HP692C to desired frequency and connect for 
desired modulation. 


Note: Refer to the instruction manuals of the HP692, 
’ HP8403A, and the HP3300A for the possible 
modulation options and their settings. If 
the auxiliary low power R.F. generation and 


modulation equipment is to be used, refer to 
& ; the appropriate instruction manuals for pos- 


sible interconnections and operating instruc- 


tions. 
“h. ‘Turn HP692C to Operate position. 
B. Operational Turn On Procedure 
1. Equipment Rack Number 4 


a. Set Cathode Voltage switch to the .1/3.3KV position 


and observe high voltage and current meters. 


Note: Do not allow high voltage te exceed 3250 


velts and the current to exceed 560 ma. 


b. If necessary, adjust high voltage screwdrive adjust- 
ment for high voltage meter reading of 3250 volts. 
DO NOT EXCEED 560 MA, CURRENT. 


2. Equipment Rack Number 3 
& a. Turn Helix Control on Alfred 5-6868 IWT completely CW. 


b. Turn Grid Control on Alfred 5-6868 TWT completely CW. 
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Adjust Sweep Oscillator Output Attenuator for 
maximum power output as observed on TWT Monitor 


Power Meter, Lock in position. 


Adjust TWT Output Attenuator for the required 
transmitted power as observed on the TWT Monitor 


Power Meter. Leck in position. 


Note: The transmitted power required for a desired 
power density can be determined from figure 3 
and Section III of this procedure. 

The transmitted power can be determined from 
the meter reading and figure 4; (High Power 
Monitor, - Meter Reading vs. Output Power). 

BO NOT EXCEED 250 WATTS TRANSMITTED POWER FOR 
EXTENDED PERIODS OF TIME WITH THE INITIAL TUBE 
SUPPLIED, 


Set the monitor switches on the monitor switch panel 
to connect the desired function to be monitored to 

the strip chart recorder. The normal setting of these 
switches is TWT Monitor to the recorder channel Neo. 2, 


and Moniter Channel No. 1 to recorder channel No. 1. 


Connect “Available Inputs" to the scope or the HP415 


as required. 


Turn Off Procedure 


Equipment Rack Number 3 


a. 


Turn 10 W TWT Output Attenuator max, CW (max, 


attenuation). 
Turn Sweep Oscillator Output Attenuator max. CW. 


Turn Grid Control on Alfred 5-~6868 10 Watt TWT to 
~250 volts. Turn Helix Control completely CCW, 
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d. Turn HP692C Sweep Oscillator to Standby position. 


Peg: Rack power may now be turned off. | 
2. “Equipment Rack Number 4 


a. Set thie Cathode Voltage switch on\|high voltage 
power supply to Burn-in position. 

b. Turn off high voltage.’ 

Cs Turn off low Voltaee Ace: power supply. 

ide. Turn off D.C. power supply. 


e, Turn off water supply. 


Itl, PROCEDURE FOR SELECTING HORN SECTION AND OUTPUT POWER FOR DESIRED 
POWER DENSITY , 


©& A. Design Frequency Range for "Expandable" Conical Horn 


The microwave facility was designed such that a suitable 
quiet zone - minimum dimension, 3' wide by 2' high by 1' deep 
for two "test samples'' side by side - would be illuminated 
uniformly a + 1.0db power variation in the quiet zone was 
the design goal. The quiet zone, as discussed in this report, 
starts at a transmission length of 23.0 feet and is symmetric 
about the chambers horizontal and vertical axis. These quiet 
zone dimensions, therefore, set the beamwidth characteristics 
of the transmitting horn; and a conical transmitting horn with 
"add-on" section was designed to give maximum gain with the 
required beamwidth over the S-Band frequency range. Under 
these conditions, figure 3 shows the "design frequency range” 


for the appropriate sections QD, through De): This figure is 


a plot of power derisity (in afene) per watt transmitted - Pd/W - 
versus frequency, for each of the horn sections. It can be seen 


2 mw /em? + 10%. 


@ that, for the design frequency ranges, Pd/W is 1.6x10. 
watt 


a) Po re Dias 
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Thus, for 250 watts transmitted, the power density in the 


quiet zone is 4.0 ame cm? + 10%. 


1. .To determine specifically the transmitted power required 
for a desired power density (at a given frequency in the 


design range): 


a. Determine Pd/W for the known frequency and horn 


section from figure 3. 


b, Solve: Pd/W x Power = Power density 
Pow . Power density 
= Pd/W 


c. Example: At 3.0 GHz, a power density of Dalour 


is required. (Horn Section D,) 


® Pd/W = 1iS8210°* from figure 4. 
Se. ees = 
Power = -T.58x1072 126 watts 
2. To determine power density from a known transmitted power: 
: a. Determine Pd/W for the known frequency and horn 


section from figure 3. 
b. Solve: Power density =  Pd/W x’ Power 


c. Example: At 3.5 GHz, 200 watts are transmitted (Horn 
Section D,)- 


Fd/W = 1.56x107* from figure 3. 


Power density = 1.56x10°7x200 = 3.13 may ag 


B. Horn Section for a Reduced Quiet Zone 


To increase the versatility of the test facility, additional 
‘“add-on" horn sections were designed to uniformally illuminate suc- 
cessively smaller quiet zone volumes with increased gain. The 
| determination of the quiet zone volume is dependent upon the beam- 
@ width of the various sections and is beyond the scope of this re- 
port. Suffice it to say that, at the upper end of the frequency 


band (3.95 GHz) horn section D,, will essentially illuminate uni- 
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formly a quiet zone large enough for a single test sample - 


1.5'W x 1'H x 1'D. At this frequency, Dio gives the maximum 


power density obtainable for the system, As the frequency is 


decreased, horn section D 


10 will uniformally illuminate a 


proportionately larger volume with reduced gain. 


Ll. The power required for a desired power density can be 
determined as in Al xbove. 
a. Example: 10 mw/em- power density is desired at 
3,95 GHz (Horn Section Dio 
Pc gre Power Density 
me Pa/W 
“Pd/W = 3.83 x 10°? from figure 3 
_ 10 g 
Power = 5.83 x 10 3 260 watts 
MICROWAVE POWER MONTTORS 


In addition to the high power TWIT monitor, there are 3 power 


moniters in the anechoic chamber. Two of these, Monitor #1, a 


standard gain horn, and Monitor #2, a sleeve dipole, are connected 


to the HP431C power meters in rack number 3. These two monitors 


may be switched to the Mostey 7100B strip-chart recorder (see figure 2), 


The third monitor, alternate monitor number 1, is a sleeve dipole and 


has an available output as shown in figure 2. 


A. Monitor Number 1 


Monitor number 1, the standard gain horn, is the primary 
“down stream" power density monitor. Power readings on the 
Channel No. 1 power meter can be converted to power density 


at the point of measurement with reference to figure 5. 


Note: 


It must be reemphasized that this monitor, in conjunction 
with figure 5, measures the power density at the point 
where the monitor is placed in the chamber, and not the 
power density at the center of the quiet zone as determined 


in Section TII. 
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Monitor Number 2 and Alternate Monitor No. 1 


These monitors are available to measure relative power 
density and for the observation of signal waveforms at any 
point in the chamber. 

By placing monitor number 2, with its alternate monitor 
line connected, at a point of known power density (previously 
determined as in Section III or IVA above), and placing alter- 
nate monitor number 1, at any other point in the chamber; a 
gross measurement of power density can be made by observing 
the relative readings. Due to the nature of the chamber re- 
flections, the power density measured in this manner can be in 


“sross" power density measurement 


error by + 2 db; however, as a 
technique, these monitors are useful since they are lightweight 


and easily movable. 
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FIGURE 6 
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ABSTRACT 


This is the final report on the Applied Physics Laboratory's 
contribution to Project PANDORA - specifically, aid in the implementa- 
tion, and the evaluation of a microwave test facility at Waiter Reed 
Army Institute of Research. An “expandable” conical horn transmitting ” 

antenna, and monitor dipole receiving antennas were designed for use in 
the anechoic chamber constructed by Emerson and Cuming, Inc. A mechan- 
ical field traversing mechanism was designed and constructed for the 
chamber evaluation, the microwave equipment was functionally assembled, 
and the completed facility was thoroughly evaluated. The evaluation 
Nneluded the measurement of power variations in the quiet zone with and 
without the sample container (with and without the test sample) in the 
required position, and the measurement of the power density in the quiet 
zone using the Microwave Associates high paver TWT and the appropriate 


transmitting horn sections. 
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I. INTRODUCTION 


This is the final report on the contribution of the Johns 
Hopkins University Applied Physics Laboratory, to Project PANDORA - 
specifically, aid in the implementation and the evaluation of a micro- 
‘ wave test facility at the Walter Reed Army Institute of Research, Forest 
Glen Section. APL's responsibilities were divided into roughly three 
' areas: (1) aid in determining the suitability of the microwave equip- 
ment to be procured, and the functional assembly of this equipment (2) 
the design and fabrication of necessary specialized equipment, - trans- 
mitting horn, monitoring dipole antennas, a field traversing mechanism, 
etc,, and (3) the evaluation of the microwave anechoic chamber, the 
calibration of the measurement equipment, and the test of the complered 
facility. The test and evaluation of the completed facility included 
the measurement of the power variations in the quiet zone of the anechoic 
chamber with and without the sample container (with and without the tesr 
@:: in the required position, and the measurement of the power den- 
sity in the quiet zone. 
In addition, a familiarization session was conducted for Army 
personnel scheduled to operate the facility. A companion report (1) de- 
scribes the operational procedure, the procedure for determining the 
power requirements and which "add-on" section of the expandable conical 
horn to use for a desired power density, and a description of the moni- 
toring equipment. 
The commerically available microwave equipment was specified 
and purchased by the Air Force Avionics Laboratory (AFAL), Wright-Patterson 
AFB, Columbus, Ohio - the program managers. The microwave anechoic chamber 
was designed and constructed by Emerson and Cuming, Inc., Canton, Mass. 
The high power microwave traveling wave tube was designed and built by 
Microwave Associates, Burlington, Mass., with the associated power supplies 


furnished by Alto Scientific, Inc., Palo Alto, California. 


(1) 
"Operational Procedure for Project PANDORA Microwave Test Facility” 
@ APL/JHU Report MRT-4-045; (QM-66-071) dated October 1966 (U) 
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II. DESCRIPTION OF THE MICROWAVE FACILITY 


The microwave test facility implemented at Walter Reed con- 
sists of a microwave anechoic chamber, an expandable conical transmit- 
ting horn attached to one end wall of the chamber, and the microwave 
control and monitoring equipment installed in four equipment racks 
which are housed in the control room adjacent to the transmission end 
of the chamber. Also, a standard gain horn power monitor, and two 
sleeve dipole monitoring antennas are installed in the microwave chamber. 

The facility was designed to operate at S-Band, with conver- 
sion potential through X-Band, such that a suitable quiet zone - ‘ataiaun 
dimensions, 3' wide x 2' high x 1' deep, for two test samples side by 
side - would be illuminated uniformly; a power density of 2 mw/en + 1.0 db 
over the frequency band was the design goal, with a potential for a power 


density of 10 mw/cm over a reduced volume and a! fixed frequency. 
MICROWAVE ANECHOIC CHAMBER 


The microwave anechoic chamber (Eccosorb Anechoic Chamber No. 
650) is approximately 15' wide by 15' high by 35' long. The proposed 
four foot cubic quiet zone is symmetric about a point 25 feet from the 
transmitting end wall, and equidistant between the floor, ceiling and 
side walls. Figure 1 is a photograph of the chamber; figure 2 is the 
‘general arrangement drawing, and also shows the mounting detail for the 
transmitting horn. | 

The design requirements for the chamber specified that the power 
variations should not exceed + 25 db superimposed on the transmitted gain 
"droop" measured in the quiet zone.with an absorber backed dipole over the 
frequency band of interest. As noted in Section III of this report, 
these values were not realized, and power “amplitude ripples” as great as 
+ 1.0 db were observed, The chamber evaluation showed that for the minimum 


- quiet zone dimensions - 3' wide x 2' high x 1' deep, - power variations of 
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+ 1.75 db were possible over the S-Band frequency range. When a stan- 
dard gain horn was used as the field probe instead of the absorber backed 
dipole, considerable improvement was observed; amplitude ripples were less 


than + 0.25.db. This is discussed further in Section III. 
B. MICROWAVE EQUIPMENT 


The microwave equipment is assembled in the four racks shown in 
figure 3. Equipment rack ‘number on? contains the Spectrum Analyzer R. F. 
and Display sections. Rack number two contains the auxiliary low power 
microwave generation and modulation equipment, and some ancillary equip- 

ment, in addition to the control panel for the field traversing fdchaatend 
Rack number three contains the primary low-power microwave generation and 
modulation equipment, and the necessary monitoring and recording equip- 
ment. Rack number four contains the high power microwave amplifier and 
associated power supplies and R. F. power monitors. 
@ The equipment in rack number two is not interconnected (nor is 
he spectrum analyzer). The interconnection of racks number three and four 
with the expandable conical horn is shown in figure 4 which is a functional 
block diagram of the microwave system. Also shown in this figure are the 
"downstream" power monitors in the anechoic chamber. 

All of the equipment assembled in racks number two and three are 
commercial "off the shelf" units (traveling mechanism control panel ex- 
cepted) and constitutes the best and most versatile, in terms of possible 
R. F. modulations, microwave equipment available. This was particularly 
necessitated by the unknown nature of the desired signal for an experimental 
facility. These units were specified and purchased by the program managers 
(AFAL). Compatability and suitability of this equipment was monitored by 
APL and the equipment was functionally assembled and tested at APL and de- 
livered as a unit to Walter Reed. 

The high power microwave amplification equipment in rack four 
was purchased under separate contract (from AFAL) to Microwave Associates 


and was delivered as a unit. 
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C. TRANSMITTING HORN 


The transmitting horn characteristics were dictated by the 
dimensions of the quiet zone to be uniformly illuminated. This de- 
Sign rationale and the test results are discussed in Appendix A of this 
report. In order to provide a constant gain and beamwidth over the de- 
sired frequency band, "add-on" sections were provided as depicted in 
figure 5. . 

The first section of this “expandable” conical horn incor- 
porates a rectangular to circular transition obviating the need for a 
separate rectangular to circular waveguide transition. 

Gain measurements and antenna patterns were taken for each 
horn section at the center, and at the low and high ends of the S~Band 
frequency range. The results of these measurements are summarized in 
figures 6, 7, 8, and 9. Figure 6 shows the absolute gain of each of 
the sections across the frequency band. Also shown, is the design fre- 

uency range for each section. Figures 7 and 8 show the E and H plane 
6: db beamwidth respectively, and figure 9 is a typical E and H plane 


pattern (section D3) in its design frequency range. 
D. POWER MONITORING 


One of the prime requirements for the microwave test facility 
was the ability to accurately determine the power density in the quiet 
zone of the anechoic chamber and to observe the transmitted signal, within 
the limits afforded by commercially available test equipment. 

Three monitoring channels were incorporated in the system, and 
several coupled outputs are available for observing signal wave form, 
either on an oscilloscope (detected outputs), or directly on the spectrum 


analyzer (see figure 4). 
Ls Transmitted Power Monitor 


To measure the transmitted power, two coaxial directional couplers 
and a thermistor mount were installed in the high power equipment rack (fig- 
ure 4). The thermistor output is connected to the HP 431C power meter in 


ack number three. The loss in this coupled transmission path was measured 
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over the 5-Band frequency range. The resultant calibration was incor- 
porated with the measured loss of the output cable and the waveguide to 
coax adapter on the transmitter horn, to plot the transmitted power curve 
shown in figure 10. This curve is a plot of corrected power meter reading 
versus transmitted power. Included in this figure is the legend for deter- 
mining transmitted power from the corrected meter reading, and conversely, 
the method for setting the: transmitved power by observing the meter reading. 
This figure in conjunction with figure 11 (Power Density per Watt Trans- 
mitted for Each Horn Section) can be used to determine the on boresight 
power density in the quiet zone. This is explained in greater detail in, 


seetion II E. 
2. Standard Gain Horn Menitor 


The standard gain horn monitor (monitor number 1 in figure 4), 

s the primary “downstream'' power density monitor. The gain deviation ver- 
@.. frequency curve of the standard gain horn, and the measured loss of the 
connecting cable and waveguide to coaxial adapter were incorporated into 
one frequency correction curve, shown in figure 12. This figure is a plot 

of the power density as a function of the corrected power meter reading. 
The power density thus measured is the power density at the position where 
the standard gain horn is placed in the chamber, and not the on boresight 
power density alluded to in the section above. It is possible to measure 
the power density in the anechoic chamber directly, only if the horn moni- 
tor ean be physically placed at the desired position without interfering 
with the experiment in progress, If this is not possible, then the power 
density can be determined by extrapolating the measured power density, to 
the power density at any other position in the quiet zone by using the 
known gain-beamwidth characteristics of the transmitting horn section. In 
a similar fashion, the on boresight power density determined from the meas- 
ured transmitted power can be extrapolated to any point in the quiet zone. 
The determination of power density for other than on boresight (and meas- 
eo conditions ig discussed in Section II F, 
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3. Monitor Dipoles 


In addition to the standard gain horn monitor, two sleeve di- 
pole monitors are available in the chamber for the observation of signal 
waveforms. ‘These dipole monitors are shown in figure 13. The design 
dimensions and the measured results are discussed in Appendix B. 

- + ‘It was originally intended that these dipoles would be cali- 
brated and used to measure. the abso‘tute power density at any position in 
the chamber, Unfortunately, the rather large amplitude ripples caused by 
the reflections from the chamber walls, precluded this possibility. (The 
standard gain horn integrates the ripples over its considerably larger , 
area and, consequently, was substituted as the prime power density monitor.) 
However, since the dipoles are light-weight and easily movable, they were 
retained for signal waveform observation, and for the "gross measure" of 
power density. Since the two monitors have identical characteristics, by 

eo. one at a region of known power density, and placing the other at 
ny desired position, the power density at any position can be determined. 
This is a “gross measurement" because the amplitude ripples can cause an 


error as great as 2.0 db. 
E, SELECTION OF TRANSMITTING HORN SECTIONS 


As stated previously, the microwave facility was designed such 
that a suitable quiet zone - minimum dimensions, 3' wide by 2' high by 1' 
deep for two test samples side by side - date be uniformly illuminated; 
a + 1.0 db power variation in the quiet zone was the design goal. The quiet 
zone starts at a transmission length of 23.0' and is symmetric about the 


chamber horizontal and vertical axis. 
Le Design Frequency Range 


As discussed in Appendix A, the quiet zone dimensions set the 
beamwidth characteristics of the transmitting horn; and a conical trans- 
mitting horn with "add-on" sections was designed to give maximum gain with 
the required beamwidth over the S-Band frequency range. Under these condi- 

@::. figure 11 shows the “design frequency range” for the appropriate 
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sections (Dl through D6). This figure is a plot of power density (in mw/cn*) 
per watt transmitted - Pd/W - versus frequency for each of the horn sections 
at a transmission length of 23.0 feet. These curves are obtained by plotting 


the expression: 


P G 


fe er eee ee as a function of frequenc 
A x P amr an + q ys 
r T . 
where Gr is the measured gain of each of the transmitting horn sections, 
and R = 23.0 feet is the transmission length. Thus P. 1 is the 
me ‘ Po 


power density per watt transmitted when P_ is the transmitted power. 


T 


It can be seen from figure 11 that, for the design frequency 


2 
mv / crt + 


sake 10%. For 250 watts of transmitted 


2 
ranges, Pd/W is 1.6 x 10° 


power TWT - the power density is 4.0 mw / en? + 10%, which adequately meets 


eo: - the recommended upper limit for continuous operation of the high 
the design goal of 2 mw/cn® in the quiet zone. 

. Neglecting reflections in the chamber, the power density vari- 
ation for angles off boresight is dependent upon the transmitting horn sec- 
tion used (the gain), the frequency, the angle, and the transmission length. 
The change in relative amplitude versus frequency for angles of 2, 4, and 6 
degrees for each of the horn sections is shown in figures 14 and 15. The 
change in relative amplitude is defined as the maximum relative power ampLi- 
tude at a designated frequency (the gain at boresight), minus the relative 
amplitude at the off boresight angle indicated, at the same frequency. The 
curves were obtained from the measured antenna patterns. Thus, the curves 
in figures 14 and 15 show the change in power density, for a fixed trans- 
mitted power and transmission length, at the angles indicated for each of 
the horn sections. For the minimum quiet zone dimensions, starting at a 
transmission length of 23', the maximum off boresight angle, in the H plane 


(vertical polarization) is: 
2 1 
y 7 tan 1.5 =+ 3.75°, and in the E plane 9, =t tan 1 = + 2.5° 
23 ' 
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It can be seen from figure 14 that in the design frequency range, the 
maximum change in relative amplitude is 0.75 db, which occurs for horn 
section DL at frequency 4.0 GHz, (H plane, 4 degrees). Adding another 
0.4 db due to the change in transmission length in the quiet zone (one 
foot deep), the total change in relative amplitude, and hence the change 
in power density for a fixed power transmitted, is 1.15 db @ + .6 db) 
which is well within the + 1.0 db goal set for the quiet zone. 
For a quiet eae At wide x 3' high x 1' deep @.= + 5°, a.= + 4.0°), 
the power density would be within + 1.0 db (neglecting reflections). This 


was borne out by the chamber evaluation discussed in Section FII. 
2. Horn Sections for Higher Power Densities 


To increase the versatility of the facility, additional “add-on” 
horn sections were designed to uniformly illuminate successively smailer 
quiet zone volumes with increased gain. Thus, at the upper end of the fre- 
ency band (3.95 GHz} horn section D10 will illuminate uniformly G@ + .5 db) 
@:. zone large enough for a single test sample - 1.5' wide x 1’ high x 
1’ deep. This can be determined from figure 15 where for D10 and o + a, 
6. = + a> AA = .5 db. At this frequency, D1O gives the maximum power den~ 
sity obtainable for the system. From figure 11, for horn section D1O at 
3.95 GHz, Pd/W = 3.83 x 10” , and the power required for a power density of 


10 mwe/en® is: aoe 260 watts which is obtainable from the high 


3.83 x 107° 
power TWT in the system. 


F, DETERMINATION OF POWER DENSITY 


As discussed in Section II D, the power density can be determined 
by direct measurement using the standard gain horn monitor and figure 12, if 
the monitor can be physically placed at the desired position, The on bore- 
sight power density can also be determined from the measured transmitted 
power and figure 11. From the discussion in Section E above, it can be seen 


that this value will be correct to better than + 1.0 db for any point in the 


¥ zone in the design ranges. 
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In using the larger section to illuminate the 3' wide by 
2' high by 1' deep quiet zone, the power density at any position can 
be determined from the on boresight power density/watt transmitted 
curve (figure 11), and the AA curves given in figures 14 and 15. 

As an example, for horn section D10 with 200 watts trans- 
mitted at 3.95 GHz, the power density at boresight is Pd = Pd/W x 
power transmitted. Pd/W = 3.83 x 10 from figure 11, Here tere, 


Pd = 7.66 mw/em’. At the edge of the 3' quiet zone, 8, = + tan 1.5/23 = 


+ A958"; Interpolating from figure 15 for DLO, Oy = Bias. AA is ap- 
proximately - 2.25 db = 60% of the maximum amplitude, and the power al 
density is approximately 7.66 x 60% = 4.56 mw/cm at the quiet zone edge. 
In a similar manner, the on boresight power density can be 
determined from the measured power density at any point in the quiet 
zone, Actual values measured during a preliminary experiment are used 
@: an example. The standard gain horn monitor was placed 2.5' off bore- 
Sight in azimuth, and its meter reading was 2.4 dbm. From figure 12, at 
3.2 GHz (the transmitted frequency) the frequency correction term is 2.2 
db. Thus, the corrected meter reading is + 2.4 dbm + 2.2 db = 4.6 dbm, 
which (from figure 12) corresponds to a power density of 3.1 mw/cm at . 
the point of measurement. The monitor horn position gives a 0. _i tan 
2 oes: - = ot ea as and from figure 14 for an = 6° and horn section D6 
(the horn section used) AA = 1.9 db = 65%. Therefore, the on boresight 
power density is 3.1 mw/cm x i = 4,78 mw/cm’. For this experiment, 
the measured transmitted power (210 watts) gives an on boresight power 
density of 4.72 mw/en (from figure 11) which is in good agreement with 


the above calculated value (4.78 mw/cn’). 


III. EVALUATION: PROCEDURE AND RESULTS 


The evaluation of the microwave test facility was divided in three 


phases: (1) the evaluation of the reflection from the walls and ceiling of the 
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empty microwave chamber as measured with an absorber backed dipole and 
a standard gain horn, (2) the measurement of the reflections from a 
single sample container (both eccupied and unoccupied) in the quiet zone 
and (3) the measurement of the power density in the chamber using the high 
power source and the various horn sections. 


A. MICROWAVE CHAMBER EVALUATION 


* 


The results of the evaluation of the microwave anechoic chamber 
are summarized in Table I. It can be seen from this tabulation, that for 
the required minimum quiet zone dimensions ~ 3' Wide x 2’ High x 1’ Deep ~- 

a total power variation of + 1,75 db is possible over the frequency band of 
interest. At selected frequencies, adequate quiet zones with + 1.25 db 
variations are possible. The measurements, performed with an absorber backed 
dipole, indicate that the power variations are primarily due to “amplitude 

. ripples’ caused by reflections from the chamber walls. Maximum ripples as 

@.:-:: as + 1.0 db were observed. Figure 16 is a typical example of the 

power variation due to reflections. This data is for a 25' transmission 
length at F = 3.25 GHz. 

The values obtained with a standard gain horn at 3.25 GHz (gain = 
16.5 db) are also shown in Table 1, (from figure 21) as an example of the 
optimistic conclusions resulting from the use of a large area receiving 
antenna. The horn integrates the reflected ripples over a receiving area 
considerably larger than that of the dipole. Maximum ripples as observed 
with the standard gain horn were less than + 0.25 db. 

The chamber was evaluated by taking horizontal cuts, through the 4 
foot cubic quiet zone which is centered equidistant between the side walls, 
and the floor and ceiling; a distance 25.0' from the transmitting end wall. 
The horizontal cuts extending + 2.0' from this quiet zone center, were taken 
at elevation increments of + 1.0', + 1.5’, and + 2.0' for each transmission 
length increment of + 1,0', + 1.5', and + 2.0' from the 25.0' center point. 
These measurements were repeated at each of the six different frequencies in 
the design range of each of the horn sections. Relative power as a function 

f horizontal distance was recorded on an X-Y recorder, equipped with a roll 
chart adapter, fer each of the measurement increments. 
Rr, 
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quey ‘ Zt Volume Dimensions for Power Variations of: 
Sect +1.0db 41.25db [+ +1,5db +1.75db +2.0db 2+2.25db 


None None 2°Wx2'Hx3'D [4'Wx3'Hxt'D [4'WedA'Hxl'D | 4'Wx4'Hx&'D 


. 3'Wx3'Hx3'D [4'Wx3'Hx2'D (2. 75db) 
4'°Wx2'Hx34'D 
3'Wx4'Hx2'D 

2'Wx3'Hx1'D | 4'Wx3'HBxi'D | 4'Wx3'Hx2'D [| 4'Wx3'Hx3'D [4'Wx4é'Hx4'D 
8GHz 3'°Wx2'Hx2'D | 3'Wx4'°Hx1'D 1 3'Wx4'Hx34'D 
mee 2"Wx3"Hx2'D | 3' Wa" Hx3%'D|3'Wx3!Hxd 'D 

2'Wx4'Hxd'D | 2'Wxd'Hx2'D [2'Wx4'Hx4'D 

3'Wx2'Hxk'D 4‘Wx2'Hxi'D | 4'Wx3'Hxi'D (4'Wx3'Hx2'D [4'Wx4'Hx1'D 4'Wxd& "Hed 'D 
OGHZ 3°W'3'HxL'D | 3'Wx3'Hx2'D 13'Wxd'Hx3$'D|3'Wxd'Hxs'p | ” (2.5ab) 
D4) 3'Wx2'Hx3'D | 3'Wx2'Hx4'D [3'Wx3'Hx4'D 

2'Wx4'Hx2'D 

3'Wx2'Hxl'D | 4'Wx2'Hx2'D | G'Wx3'HKI'D [4'Wx4'Hxi'D [4'Wx4'Hx2'D | 4'Wx4'Hx4'D 
256 4'Wx2"Hx3'D [4'Wx3'Hx3'D [4'Wx3'Hx4'D | (2,25db) 
D3) 3'Wx2'Hx35'DI4'Wx2"Bx4'D |3'Wxd' Hx3'D 

3'Wx3 "Had 'D 
25GHz 4'Wx3'Hx1l'D | 4'Wx4'Hx1'D | Great many [4'Wx4'Hx4'D 
D3) 3'Wx2'Hx2 4'Wx3'Hx3'D options 
rd Gain Many others 
rh . 
= None None 2'Wx4'Hx1'D 3iNx4*Hxl'D 4°Wx4'Hx2'D | 4'Wx4'Hx4'D 
&5GHz 2) Wx2'Hx2'D | 3'Wx2'Hx34'DI4'Wx2'Hx3'D (2.25db) 
.D2) 2'Wx4'Hx2'D | 3'Wx3?Hx4'D 
2'Wx3'Hx4'D 

2'Wx2'Hxd'’D | 3'Wx2'Hxd'D | A'Wx2'Hxi'D [4'Wx4'Hxk'D [4?Wx4'Hx4'D 
. 8GHz 2'Wx3'Hx2'D | 3'Wx2'Hx3'D [4'°Wx3'Hxd'D 
D1) 2"Wx3 Hed 'D 
= Width H = Height D = Depth 


stes 
All quiet zone volumes start at a transmission length of 23 feet and are 
symmetric about the chamber width and height center points. 


(2} Underlined are the volumes with minimum variations whose dimensions are 
2minimum required valves (3'Wx2'HxL'D) 
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of missing "worst point’ cases, it is felt that the very large number of 
data points measured represents a good statistical sampling, and the con- 


clusions summarized in Table I are representative of the chamber behavior, 
B. EVALUATION OF TEST SAMPLE CONTAINER AND TEST SAMPLE IN THE CONTAINER 


1. Test Sample Container 
Tests were conducted with a single test sample container in the 

quiet zone. For the container havirg no microwave absorbing liner, fairly 
large amplitude ripples resulted (greater than + 5.0 db). With the container 
almost completely lined with a microwave absorber (the “radiation window" ex- 
cepted), these variations are reduced to approximately + 3.5 db. Removing 
the plexiglass back that was on the container (the container is irradiated 
from the back) and replacing it with a thin plexiglass back (1/16" thick) 


further reduced these variations to approximately + 2.5 db. By absorber 


@..:.. certain braces that are within the radiation window {and cannot be 


moved}, the perturbations are reduced still further, to approximately 
+ 2.0 db, however, portions of the radiation window are blocked. In any 
event, the test sample in the container perturbs the field in some different 
manner and the question arises as to what constitutes a valid set of measure- 
ments: the sample and container immersed into anunperturbed field, or the 
sample placed in an unperturbed field within the container (if this were 
possible). In either case (the test sample and container, or the sample 
alone), complex multiple reflections result. 

Consideration should be given to the possibility of constructing 

a suitably lossy microwave container with a radiation window of the desired 


~ 


dimensions. 
2. Evaluation Procedure 


The evaluation of the test sample container in the microwave cham- 
ber was performed by mounting the container in the center of the four foot 


cubic quiet zone (at a transmission length of 25.0 feet) on the horizontal 


@:: mechanism. A monitor dipole was placed at a transmission length 


23.0' on the horizontal and vertical center point. Received power was re- 


corded as a function of the horizontal traverse of the container in the quiet 
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zone. The dipole was then moved toward the container in 3-inch increments 


and the measurement repeated. This procedure was repeated for sevéral dif- 


ferent elevations of the monitor dipole and several different frequencies. 


The test sample container was moved behind the dipole monitor, rather than 


case, the traversing mechanism would "shadow' the container. 


was placed. 


the monitor being moved in front of the container, because, in the latter 


sults of the container evaluation are shown in figure 24, 


Typical re- 


To mount the container at the proper elevation level, the travers- 


ing mechanism was fitted with an absorber pedestal, upon which the container 


The pedestal by itself (and the traversing mechanism) was evalu- 
4 


ated as described above with negligible perturbations of the R. F. field re- 


sulting. 


3. Test Sample 


The evaluation of a single test sample in the test sample container 


@:: performed in a manner identical to the procedure described above. Results 


of these tests show that the sample in the container does: not greatly increase 


the magnitude of the field perturbations over those observed for the container 


alone - + 2.88 db versus + 2.63 for the two cases respectively - however, the 


phase of the reflections is changed such that where a maximum was observed 


without the test sample, a minimum might now exist. Table II, below, is a 


summary of the evaluation of the test sample and the test sample container. 


USC. 


TABLE II 


Summary of Sample Container and Sample-in-Container Measurements 


Test Condition 
A. Sample Container Alone 


Absorber Lined Container (3/8' plexiglass back) 
" " " (no back) 
” " a (1/16" plexiglass back) 
B. Sample in Sample Container 
Absorber Lined Container (1/16" plexiglass back) 


C. Sample Alone** 


Field Variation 
(Worst Case*) 


+ 3.63 db 
4.88 db 
2.63 db 


I+ [+ 


2.88 db 
88 db 


I+ I+ 


* Worst Case = greatest maximum to greatest minimum power variation in 
the quiet zone, for all positions of dipole monitor (see 


figure 24). 


** Perturbations due to Sample movement alone, container and dipole 


monitor geaidaneny: 


ee 
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c. POWER DENSITY 


The final evaluation phase of the microwave test facility was 
the measurement of the power density in the quiet zone, utilizing the com- 
plete microwave chain. 

The power density was measured with the standard gain horn monitor 
as outlined in Section II F, for various frequencies, and for values of trans- 
mitted power between 200 and 300 watts with the appropriate horn sections, 
These measured values were comparea with the power density calculated from 
the measured transmitted power and the gain of the horn sections. The re- 


sults are summarized in Table III. 
TABLE IIl 


Measured versus Calculated Power Densities 


Freq. Tx. Horn | Tx. Horn| Measured Calc. Power Fs Measured A= 
a, oe Ee oe oe 
2.6 D6 99.6 228 3.40 3.706 -0,30 
2.7 D6 105.0 226 3.55 3.90 ~0.35 
2.7 DS 91.2 220 3.0 3.0 0.00 
2.8 BS 95.6 216 3,09 3.2 -O.11 
2.9 DS 102.0 210 3.20 2.9 +0.30 
2.9 D4 89.0 236 3.14 2.85 +0.29 
3.0 D4 93.5. 234 3.27 SEL +0.17 
ak D4 100.0 232 3.47 3.35 40.12 
3.2 B3 93.5 226 3.16 3.0 +0.16 
3.3 D3 100.0 232 3.47 3.45 +0, 02 
3.4 D2 91.2 232 3.17 3.0 +0.17 
3.6 D2 162.0 236 3.61 3.6 +0.01 
3.6 DL 89.0 © 245 3.27 3.6 ~0.33 
3.7 D1 95.6 260 3.71 3.6 40.11 
3.8 D1. 100.0 278 4.16 4,15 +0.01 
339 DL. 105.0 250 3,93 4,0 ~Q,07 
& 3.95 DL 110,090 250 4.12 4.35 ~0.23 
4.0 DI 112.0 250 «419 4.25 ~6.06 


NOTE: For these measurements R= 24.0' 
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D. CONCLUSION 


The microwave equipment at the Walter Reed facility is capable 
of producing a power density of approximately 4.0 mv/en® in a quiet zone 
adequate for two test samples side-by-side (3'W x 2'H x 1'D) over the 
S-band frequency range, with a transmitted power of 250 watts - the 
recommended upper limit for continuous operation of the high powered 
traveling wave amplifier, 

For reduced quiet zone volumes, a power density of 10 mw/en® 
is possible. 

When evaluated with an absorber backed dipole, total power , 
variations of + 1.75 db were observed in the 3'W x 2'H x 1’D quiet zone 
over the S-Band frequency range, primarily due to reflections from the 
chamber walls (+ 1.0 db). Using a standard gain horn as the field 
probe reduces the observed "ripples" to less than + 0.25 db. 

@ For a single test sample in an absorber Lined test sample 
container, field variations of + 2.63 db were measured. The movement 
of the sample alone produced variation of + 0.83 db in the power 


measured with the dipoie antenna. 
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Transmitting Horn, Design and Test Results 


INTRODUCTION 


The anechoic chamber specifications originally called for a 
four foot cubic quiet zone; however, it was determined that a quiet zone 
3' wide x 2' high x 1' deep would be suitable for two test samples in con- 
tainers side«by-side, With a minimum transmitted power of 200 watts, a 
power density of 2 mw / ent + 1.0 db was required in the quiet zone, To 
allow for a margin of safety, a uniform illumination (within + 1.0 db) in 
a 4'W x 3'H x 2'D quiet zone was the design goal for the transmitting horn 
antenna. 

A conical transmitting horn antenna design was chosen because it 
has an H plane to E plane beamwidth ratio close to that required (4 to 3), 


without the narrower beam in the intercardinal planes associated with the 


yramidal horn antenna. 

@ Because gain and beamwidth vary with the wavelength, the horn 
design incorporates "add-on" sections for the various incremental band- 
widths. This is discussed further under beamwidth considerations. The 
first section includes a built-in rectangular to circular transition ob- 
viating the need for a separate waveguide transition. Figure 5 in the main 


section of this report is an illustration of the transmitting horn. 
BEAMWIDTH CONSIDERATIONS 


The geometry for the horn illumination of the quiet zone is shown 


in the following sketch. 
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The chamber specifications called for a maximum of .5 db (+ .25 db) 
change in amplitude due to reflections from the walls. This value, added to 
the .75 db (+ .37 db) change in amplitude due to the change in transmission 
length Gloss), dictated that the change in amplitude due to the beamwidth 
of the transmitting horn could not exceed .75 db in order to meet the design 
goal of + 1.0 db change in power density in the quiet zone volume. From the 


above sketch, then, the .75 db bearwidth is 2 6, = Z2.tan 2 =9,2° From 
25 


the figure in reference 3, the ratio of the .75 db beamwidth to the 3 db 


beamwidth is .5. Thus, , 
@,¢.75 db) Sgt cates 66.75 aed Git. a3 
o4¢ 3 db) : H : oo : 


The S-Band frequency range from 2 to 4 GHz was divided into eight 
TT ncrenente: each representing approximately 10% of the band, in order to keep 
@:: beamwidth (and gain) nearly constant. To compensate for this ten percent 
bandwidth, the design beamwidth was increased by ten percent, resulting in a 
desired H plane 3 db beamwidth of 20°. 


The horn aperture diameter in wavelengths (D/X) was determined from 


the approximate expression from the H plane beamwidth (4) 
Shee 
8G db) D/A 


For 8,(3 db)= 20°, D/A = 3.5. Starting at 2.0 GHz, the approxi- 
mate 10% incremental frequencies, wavelengths, and the diameter of the horn 
section computed from D/A = 3.5 are shown in Table Al. Also shown in this 
table are the lengths of the various sections computed from the geometry in 


the following sketch. 
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(3) the Microwave Engineers Handbook and Buyers Guide 1966, Page 174 


(4) Antennas J. D. Kraus 5 Hill 1950, Page 381 
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Thus L = 8A determined the lengths of the various sections 


as tabulated. 
TABLE AT 


Horn Dimensions 


Diameter (in.) Section 
Dis 33 5k Designation 


2.6 to 3.95 GHz, therefore horn sections larger than D6 may not be required. 


The recommended frequency range for S-Band WR 284 waveguide is 


However, should higher power densities be needed (over smaller areas) horn 

sections D7 and D8, and two additional sections, D9 and D1O were constructed, 
ri 

The diameters for D9 and D10O are 22.5 “and 24.5", and the lengths are 26.75 


a 
and 31.75 respectively, based on the same criteria as the other sections. 


GAIN REQUIREMENTS 


The above analysis assumes an aperture with sufficient 
2 


gain to provide a power density of 2 mvfen® for a minimum of 200 watts 
of transmitted power. Reference 5 gives the gain of a conical horn as 
arta 
G (db) = 10 log (ye) - Lwhere L is the loss term (in the reference figure) 
versus the phase deviation at the aperture edge. For the selected phase 


deviation of A/4, L = 1.5 db; and for B/A = 3.5 


mD.* : 
G = cw ~ 1.5 db = 20.85 ~ 1.5 = 19.4 db 


(antenna Engineers Handbook 4H. Jasik, Ed. McGraw Hill (1961) Chap 10-4 
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The power density is 


Py PL Ge 
Pd = ates = where P_ = 200 watts (min) 
2 4nR T 
Gp = 19,4 db = 87 
R = 24 ft 


tt 


“Pd = 2.6 mwfen’, which is adequate. 


MEASURED VERSUS CALCULATED VALUES 
The calculated gain @bove) was 19.4 db at the design frequencies, 
which included a 1.5 db loss due to efficiency and phase error. The meas- 


ured gains at the design frequencies are tabulated below along with the dif- 


ference between the measured and calculated gain (4G). 


TABLE A2 
Measured versus Calculated Gain 
Horn Design Measured Calculated AG 
Section Frequency Gain Gain 


From this table, it can be seen that the measured gain is very 
Slightly higher than calculated. This is due in part to the beamwidth being 
slightly narrower than the design value; and in part to the phase deviation 
at the aperture edge being less than 4/4, and consequently, the loss due to 
phase error and efficiency being slightly less than the 1.5 db allotted. 
Table A3 below compares the measured and calculated 3 db beam- 
widths, which again are in good agreement. These values indicate that the 
& expression for the H plane 3 db beamwidth is more nearly 8,6 ay &, and 


for the E plane g.. = 55/Dh. 
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Measured versus Calculated F & H Plane Beamwidths 
Measured Calculated 


Horn [Frequency | H Plane 3dbB.W 8, Gdb = 


$6 Messuced aaeaae = 
Section (GHz) (Degrees) D/A 


E Plane 3dbB.W ge Gdb => 
(Degrees) 
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APPENDIX B 
Sleeve Dipole Antenna % 


A dipole was chosen as the field probe antenna for the chamber 
evaluation in order to observe virtually all of the reflections from the 
walls (Cand ene ceiling and floor), which contribute to the perturbation of 
the field in the chamber, The sleeve (or skirt) dipole design was selected 
because of its natural configuration for an upright power monitor of a ver- 
tically polarized field, and because of its ease in construction utilizing 
the APL 5-spline semirigid coaxial cable which was available; the dipole 
probe tip simply serews into the cables hollow center conductor. The di- 
pole is illustrated in figure Bl. This figure gives the pertinent design - 
dimensions which were arrived at empirically using the basic tenets set 
forth by Stivers. 

Figure 13, in the main section of this report, illustrated the 


fixed monitor version of the sleeve dipole used as a power monitor in the 


@ 
Figure B2 illustrates the "gooseneck" version used to evaluate 
the chamber. 

The VSWR of both versions is shown in figure B3. These values 
include the mismatch from the Type N to 5-spline cable transition. A sur- 
prising feature of these dipoles is that the VSWR was less than 2:1 from 
2.6 GHz to 11.4 GHz (the limits of the then available equipment). 


CS) arcvowave Antenna Theory and Design &. Silver, Ed, 
MIT Rad Lab Series, Voi 12 McGraw Hill (1949) Chap 8.2 
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@..... of Soviet studies have reported that low-level 
microwave irradiation, at or below 10 m¥/em*, alters the heart 
rate of humans ana animels., In one of the best controlled and inonst 
fully reported of these studies, Presman and Levitinat irradiates 
various parts of the body of raboits with continuous microwaves 
at intensities of 7 to 12 mif/em4. The largest effect observed 
was an increase in heart rate during and after irradiation 
of the dorsal aspect of the head. The next largest effect was a 
decrease in rate during and after irradiation of the whole ventral 
surface of the body, Smaller chanzes in rate accompanied irradia~ 
tion of the back, of the total dorsal surface, of the ventral aspect 

- of the head, and of the abdomen, ; 


‘The purpose of the present study was to replicate the procedure 
used by Presman and Levitina for dorsal irradiation of the head, 
in order to co.lect enough additional duta either to confirm ther 
results or to establish that the differences in heart rate are a 
Ianifestation of variability rather than a consequence of irradiation, 


Method 


Subjects The subjects were 12 albino male rabbits weighing 2.0 to 
3 KR. : 
2... Microwave power was obtained from a CW, air-cooled magnetron 
with an output of 1.3 kv, an anode voltage of 2 KV, and an operating 
‘frequency of 2.409 GHz {A = 12.5 em). This tube, manufactured by 
Deutsche Nikrowellen Gesellschaft, exhibited exceptional stability 
during the exvosures Powar from the tube was conducted throusn 

& waveguide to the irradiating horn (Fig. 1). Wost of the mag snatron 
output was dissipated in a high-power load, and only about 10% Was 
used to irradiate the animal, 


The microwave horn was Placed in an anechole chamber with its 
Main lobe directed downward, so that the animal was irradiated from 


+ A.S. Presman and N.A. Levitina, Byull. Eksp. Biol. Med, §3 oe a 
3 


bik (1962); Engl. Transl., Bull. E-ptl. Biol. Med. 53, 36 i 
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Fig. 1. Schematic diagram of the apparatus. 
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above, The horn's aperture was 7 31 in. by 5 7 in., its axial 
32 " 8 


length was 15 in,, and its estimated power gain was 19,54, The © 
animal's head was 29 in, from the horn. This distance was 

Well within the far-field resion, which besan at about 12.9 in. 
from the horn, From the estinated gain of the horn, it was 
calculated that a total of 35 W leoving the horn produced the 
Measured power density of 10 mi/en* in the vicinity of the 
animal's head. 


The power density was measured with a Ramcor 1250 A densiometer 
with a calibrated low-gain rectansnular horn antenna. A Hewlett 
Packard Hodel 431-B power-meter was connected to the wavezuide to 
monitor the power during irradiation. The pover-meter reading 
corresponding 19 10 mu/com* at the animal's head was determined 
and used for settings the magnetron anode current. Tnis calibration 
procedure vas conducted with the cage and animal not present in 
the anecholic chamber, It was observed tnat the region of uniform 
power density was sufficlently large that considerable variation 
in the placement of the cage would still give the same power 
density. 


e anechoic chamber had intertor dimensions of 40um. by 4O in, 

by in., and was lined with type CV-4 microwave absorber panels 

manufactured by Emerson-Cuming, This material is rated to have 

reflections less than 20 db below tne incident power level at 

2,0 GHz; at 2,4 GHz the reflection is even lower, A plate of this 

Heeger was used to shield the animal's back during irradiation of 
ts head, . 


Procedure The rabbit was restrained .in a wooden box, which was 
placed below the horn antenna in tne anechoic chamber. Needle 
electrodes were inserted for EXG recording. After the animal ned 
been in position for 15 min., its EKG was recorded once each minute 
for 10 min, before the onset of irradiation, Then the rabbit's 
head was irradiated from above with continuous 12.5 om microwaves at 
& power density of 10 my/em* for 20 min, During irradiation the 
EKG was recorded every 2 min. After the power was turned off, the 
EKG was recorded every minute for 10 min, Each EKG trace was re- 
corded for a 20 sec duration, Exactly the same procedure was 
followed during the control sessions, except that the animal 

was not irradiated, Each animal was irradiated twice and served 

as a control twice: once before and once after irradiation, 


@ 


OS ee 


Results 


Chances in heart rate were calenlated in the manner deseribed 
by Presman and Levitina an follows: (a}for eacn trace recorded 
during and after irradiation, the deviation fron the mean heart 
rote before irrediation was enlculated. (b)}The corresponding 
deviations were calewlated for tne data from the control sessions. 


(c}The relative chance to rate for each recording period was obtained 
by subtracting the mean deviation for the control condition fron 


the. corresponding deviation for the irradiation condition. 


' 

Bach of the three graphs in Fig. @ represent the mean differences 
in heart rate between eight irradiation sessions and eight control 
sessions. The results for the first four rabbits that were exposed 
show a relative increase in hearl rate both durinzs and efter irradi- 
ation. The avevace data for the next fotr rabbits show a decreas 

7 nation and no consistent chanse « 


during the first 10 min of grrad. ane 
thereafter. The last four animals exhibited a decrease during che 


first 8 min followed by an Lncrcase OVEL the last 18 min of the 
session. All 12 animals received the same aqorsal irradiation of the 
head, and the division into tnres groups is entirely arbitrary. 


avepnte Basal te tor all 12 animals are summarized in Fig. 3. 
Thi ts represent the data of the present experiment, based on 
2l adiation and 24 control sessions, A small decrease in 
nNeart rate durinz the first min was Tollowed oy a larger increas 
over the remaining 22 min, The crosses in Fig. 3 indicate the results 
of Presman and Levitina, pased on 16 trredietion and 16 control 
triels with 8 rabbits, The relative change in heart rate was 
generally positive, and this tnerease vas both larger and more 
variable than the results in our experiment, 

Table 1 lists the mean number of beats per 20 sec during 
successive 10 win verioas of the control and tne irradiation 
sessions. The animals were tyradiated during tne middle 20 min 
of the irradiation condition. Fach entry in the table is based 
on the results of 24% sessions. Heart rete was highest during 

and generalilliy decreased 


the first iC min of both conditions : 
ance summarized in Table 2 


over time. The analysis of vari 

snows that the variation over tiine was statistically significant, 
as were individual aifferences and the interaction between radi- 
ation and time, The difference hetween irradiation and control 
conditions, however, was generally less than 2 beats per 20 sec, 
and this difference was not statistically significant. 
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Fig. 2, Relative change in heart rate of rabbits irradiated 
on the dorsel aspect of the head with continuous microwaves 

of 12,5 om wavelength at 10 mw/om?. Each point represents 

the mean difference between 8 exposures and & control sessions. 
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Fig. 3. Relative chanze in heart rate of rabbits irradiated 
on the dorsal aspect of the head with continuous microwaves 
of 12.5 cn wavelength at 10 mw/fon*, Each dot represents the 
mean difference between 24 exposures and 24 control sessions 
of the present experiment. The crosses represent the results 
of Presman and Levitina based on 16 exposures and 16 controls, 
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Table 1 
HNean Number of Beats per 20 Sec 
lst 10 min 2nd 10 min 3rd 10 min uth 10 min 
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Control 63.94 63.79 61.73 61.95 
Irradiation 63.56 63.31 63.34 62.83 


Table 2 


Analysis of Variance 


Source of Varia” ion $s cf NS Buti ea 
Rediation 7,80 i 7.80 él 
Time 69.07 3 23,02 799% 
Subjects 10507 23 11 955.20 25.04% 

a 2 a . aoe 89 3 12,23 866% 
x S 3.96 1l 10,36 <i 
S oe 12 33 2,88 rap} 
Ee ae 86.93 33 2,64 <i 
Error 3,661, 43 96 38.14 


* Significant at the .01 level. 


Sammie Sy th tam Rae ae mete my Le wre eee ae me tithe teres een He he ER ree one tte ann nn lee 


Presnan and Levitina devised the ratio K, which they called the 
comerficient of the chronotropic effect, to describe the effect of 
irradiation on heart rate, 


100 + my 
100 + mg 


where my and my; are the respective changes in the percentace of 


cases with rates incrensed or decreased from the control values, 
An increase in rate is indicated by K>1, and a decrease by K < 1, 
‘nelr results for dorsal irradiation of the head were K = 1,3 
au irradiation, and K = 1.42 after irradiation. The present 


Qe 


re s were K° = 84 d@nring irradiation and K = 1,19 after 


Discussion 


Tnere were six conditions in the exveriment of Presman snd 
Levitina,.in each of which a different part of the body was 
irradiated. One condition (dorsal asvect of the head) produced 
m relative increase in heart rate durine and after irradiation. 
Another condition (whole ventral surface) showed a decrease during 
and after irradiation, The other four conditions were accompanied 
by smaller and less consistent changes in rate. The results of 
the present experiment susgest that such effects are due to chance 
varistion from one set of trials to another, 


The variation from one sample to another under the same conditions 
of radiation ir illustrated in Flg. 2. One set of data shows an 
knereas# in relative heart rate; another snows a decrease followed 
by no consistent change; the third, a decrease followed by an 
jnerease, When these three sets of data vere eyerazed, as in Fig, 3, 
the variability from minute to minute became less, and the relative 
chanse in heart rate became smaller, The larsest change in the 
BY ed data is about 2 beats per 20 sec, which is only 3 % of the 
= heart rate of 63 beats per 20 sec. 


It is our tentative conclusion that the changes in heart rate 
that Presman and Levitins attributed to irradiation of different 
parts of the body were simply due to the variation from one small 
Sample of triais to anotner. We are still collecting Gata on the 
effect of dorsal irradiation of the head at 10 rv/em?, If the 
effect continues to approach zero as our sample size increases, 
this conclusion will be confirmed, 


Future Research 


We plan to run four more rabbits under the conditions of the 
present experiment. If we still observe no effect of radiation 
et 10 mi/em”, we shall proceed to higher power densities, in 
order to cGetermine the minizum levels at which effects are 
observable, 


We are presently developing procedures for recording body 
temperature and respiration rate, simultaneously with heart 
rate, while the animsl is irradiated, Temperature will te 
recorded with a needle thermistor probe inserted subcutaneously 
just outside the area that is irradiated, Respiration rate will 
be orded oy means of a sensor that detects chanszes in chest 
AQP erence. We anticipate that these recording procedures 


should be standardized by 1 September 1969, whereupon we shal 
berlin 9 series cf exrosires to determine irradiation thresho 


for all three indicators, 


C3 
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The first power density in the series will be 100 mi/em’, a 
level wnich should produce evidence of tnermal stress, such as 
hyperventilation or hyberthermia., On subsequent exposures we 
shall decrease the power level until no effect 1s produced, i.e.,- 
until heart rate, respiration rate and temperature are the same 


during irradiation as during the control sessions, If respiration 


or temperature is affected at lower power levels than heart 
rate, that would constitute further evidence asainst the thesis 
that lowepower microwave fields vroduce non-thermal effects on 
cardiac activity via direct action on the central nervous 
systen, 
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Summary of Raw Dats 
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Sunmery of Raw Data ° 


“Rumber of Beats per 20 Sec.” 
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